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(57)Abstract: 

PROBLEM TO BE SOLVED: To make recordable and 
reproducible a large capacity of data by performing multiple 
recording while restraining the lowering of diffraction efficiency 
as much as possible. 

SOLUTION: Plural holograms are multiply recorded on a 1st 
hologram recording medium 8 by using the same reference light 
while changing the incident angle of object light every time one 
hologram is recorded, and a plurality of holograms multiply 
recorded on the medium 8 are reproduced all together. By 
setting the reproducing light as the object light, the multiply 
recorded hologram constituted by superposing plural holograms 
as one hologram is multiply recorded.ph a 2nd recording 
medium 18 by using different reference light. Then, a desired 
multiply recorded hologram is selectively reproduced from 
among a plurality of multiply recorded holograms multiply 
recorded on the medium 18. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st record means which carries out multiplex record of the hologram of two or more sheets at 
the 1st hologram record medium using the same reference beam while changing whenever [ incident angle / 
of body light ], whenever it records the hologram of one sheet, The 1st playback means which bundles up 
the hologram of two or more sheets by which multiplex record was carried out with the record means of the 
above 1st at the hologram record medium of the above 1st, and is reproduced, Playback light of the 
hologram of two or more sheets which bundled up with the playback means of the above 1st and was 
reproduced is made into body light. The 2nd record means which carries out two or more sheet multiplex 
record at the 2nd record medium using a reference beam which is different in the multiplex record hologram 
which the hologram of two or more above-mentioned sheets piles up, and it comes to make into one 
hologram, The hologram record regenerative apparatus characterized by having the 2nd playback means 
which reproduces a desired multiplex record hologram selectively among the multiplex record holograms of 
two or more sheets by which multiplex record was carried out with the record means of the above 2nd at the 
hologram record medium of the above 2nd. 

[Claim 2] The hologram record regenerative apparatus according to claim 1 characterized by having a 
hologram extract means to extract a desired hologram among the holograms of two or more sheets which 
constitute the multiplex record hologram reproduced by the playback means of the above 2nd. 
[Claim 3] The above-mentioned hologram extract means is a hologram record regenerative apparatus 
according to claim 2 characterized by extracting a desired hologram by filtering the playback light of the 
multiplex record hologram reproduced by the playback means of the above 2nd on the fourier side of an 
image using spatial opening. 

[Claim 4] The above-mentioned hologram extract means is a hologram record regenerative apparatus 
according to claim 2 characterized by extracting a desired hologram by penetrating or reflecting selectively 
the playback light of the multiplex record hologram reproduced by the playback means of the above 2nd by 
the component which has angular dependence. 

[Claim 5] The hologram record regenerative apparatus according to claim 1 characterized by using a 
hologram record ingredient recordable only at once as a hologram record medium of the above 2nd using a 
hologram record ingredient rewritable as a hologram record medium of the above 1 st. 
[Claim 6] The record means of the above 1st is equipped with the micro-lens array which comes to arrange 
two or more micro lenses corresponding to each pixel of a space optical modulator and this space optical 
modulator. The spot in the focal plane pleach above-mentioned micro lens is made to separate by changing 
the incident angle of the light which carries out incidence to the above-mentioned space optical modulator. 
One image displayed on the above-mentioned space optical modulator is divided into two or more images, 
and multiplex record is carried out as a hologram of two or more sheets at the 1st record medium of the 
above. The playback means of the above 2nd The hologram record regenerative apparatus according to 
claim 1 characterized by reproducing the multiplex record hologram which the hologram of two or more 
sheets by which one image displayed on the above-mentioned space optical modulator was divided piles up, 
and it comes to unite. 

[Claim 7] The hologram record regenerative apparatus according to claim 6 characterized by having a 
display means to display the multiplex record hologram reproduced by the playback means of the above 2nd 
as one image. 

[Claim 8] The hologram record regenerative apparatus according to claim 6 characterized by having a 
hologram extract means to extract a desired hologram among the holograms of two or more sheets which 
constitute the multiplex record hologram reproduced by the playback means of the above 2nd. 
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[Claim 9] The 1st step which carries out multiplex record of the hologram of two or more sheets at the 1st 
hologram record medium using the sarqe reference beam while changing whenever [ incident angle / of 
body light ], whenever it records the hologram of one sheet, The 2nd step which bundles up the hologram of 
two or more sheets by which multiplex record was carried out to the hologram record medium of the above 
1st, and is reproduced to it in the 1st step of the above, Playback light of the hologram of two or more sheets 
collectively reproduced in the 2nd step of the above is made into body light. The 3rd step which carries out 
two or more sheet multiplex record at the 2nd record medium using a reference beam which is different in 
the multiplex record hologram which the hologram of two or more above-mentioned sheets piles up, and it 
comes to make into one hologram, The hologram record playback approach characterized by passing 
through the 4th step which reproduces a desired multiplex record hologram selectively to the hologram 
record medium of the above 2nd among the multiplex record holograms of two or more sheets by which 
multiplex record was carried out in the 3rd step of the above. 

[Claim 10] The hologram record playback approach according to claim 9 characterized by passing through 
the 5th step which extracts a desired hologram among the holograms of two or more sheets which constitute 
the multiplex record hologram reproduced in the 4th step of the above. 

[Claim 1 1] The 5th step of the above is the hologram record playback approach according to claim 10 
characterized by extracting a desired hologram by filtering the playback light of the multiplex record 
hologram reproduced in the 4th step of the above on the fourier side of an image using spatial opening. 
[Claim 12] The 5th step of the above is the hologram record playback approach according to claim 10 
characterized by extracting a desired hologram by penetrating or reflecting selectively the playback light of 
the multiplex record hologram reproduced in the 4th step of the above by the component which has angular 
dependence. ■ <. . 

[Claim 13] The hologram record playback approach according to claim 9 characterized by using a hologram 
record ingredient recordable only at once as a hologram record medium of the above 2nd using a hologram 
record ingredient rewritable as a hologram record medium of the above 1 st. 

[Claim 14] In the 1st step of the above, the micro-lens array which comes to arrange two or more micro 
lenses corresponding to each pixel of a space optical modulator and this space optical modulator is used. 
The spot in the focal plane of each above-mentioned micro lens is made to separate by changing the incident 
angle of the light which carries out incidence to the above-mentioned space optical modulator. Divide into 
two or more images one image displayed on the above-mentioned space optical modulator, carry out 
multiplex record as a hologram of two or more sheets at the 1 st record medium of the above, and it sets to 
the 4th step of the above. The hologram record playback approach according to claim 9 characterized by 
reproducing the multiplex record hologram which the hologram of two or more sheets by which one image 
displayed on the above-mentioned space optical modulator was divided piles up, and it comes to unite. 
[Claim 15] The hologram record playback approach according to claim 14 characterized by displaying the 
multiplex record hologram reproduced in the 4th step of the above as one image. 

[Claim 16] The hologram record playback approach according to claim 14 characterized by passing through 
the 5th step which extracts a desired hologram among the holograms of two or more sheets which constitute 
the multiplex record hologram reproduced in the 4th step of the above. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hologram record regenerative apparatus and the 
hologram record playback approach of reproducing the data which recorded data on the hologram record 
medium using the cross protection of body light and a reference beam, or were recorded on the hologram 
record medium. 
[0002] 

[Description of the Prior Art] By makirfg the body light conventionally modulated according to the data 
which should be recorded, and a reference beam interfere in the hologram record medium which discovers a 
big photorefractive effect The hologram play back system which reproduces the data recorded on this 
hologram record medium is proposed by reading to the hologram record medium with which data were 
recorded on this hologram record medium as an interference fringe, and data were recorded by the same 
angle of incidence as a reference beam, and carrying out incidence of the light. 

[0003] In this hologram play back system, since the light modulated according to the data for one image 
displayed on this space optical modulator by penetrating space optical modulators, such as a liquid crystal 
display panel (LCD), for example carries out incidence into a hologram record medium as a body light, the 
data for one image will be recorded on a hologram record medium at once as one hologram. And it will be 
reproduced in the hologram unit which contains the data for this one image at the time of playback. 
Therefore, even if it compares this hologram play back system with the play back system using the optical 
disk whose rapid access is made possible for example comparatively as a record medium, it has the 
description that a more nearly high-speed data access is possible. 

[0004] Moreover, in this hologram play back system, the so-called multiplex record which records many 
holograms on one hologram record medium in piles is possible by, for example, changing the incident angle 
of a reference beam, whenever it records one hologram etc. Therefore, this hologram play back system has 
the description that data are dramatically recordable on high density. 

[0005] From the above point, the hologram play back system attracts attention as a play back system to 
which the improvement in recording density and the improvement in the speed of a data access which are 
demanded with development of an information industry in recent years are satisfied. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, in this hologram play back system, the multiplex 
record which realizes high density record is restricted by decline in the diffraction efficiency produced by 
elimination at the time of record or playback. That is, when performing multiplex record, in case the 
hologram previously recorded on the hologram record medium records a next hologram, in response to 
elimination, diffraction efficiency falls somewhat. Moreover, as for each hologram recorded on the 
hologram record medium by multiplex record, diffraction efficiency falls somewhat also by exposure at the 
time of playback. In addition, decline in diffraction efficiency with time arises by diffusion of the electron 
according to the dark current also in the long run. 

[0007] As mentioned above, when, as for each hologram by which multiplex record was carried out, 
diffraction efficiency falls to a hologram record medium by elimination etc., the S/N ratio at the time of 
playback will fall gradually. 

[0008] Diffraction-efficiency etawritw at the time of record of each hologram recorded on a hologram 

record medium (t) is given by the degree type (1). 

[0009] 

etawritw (t) =eta0- (1-e-alpha It) ... (1) 
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Here, the time amount to which the time constant at the time of record and I set the time of record as the 
optical reinforcement of a spatial average, and t set alpha to 0, and eta 0 are saturation diffraction efficiency. 

[0010] Moreover, when reproducing each hologram by which multiplex record was carried out, diffraction- 
efficiency etaread in the case of eliminating the hologram recorded previously by the optical exposure at the 
time of recording a next hologram (t) is given by the degree type (2). 
[0011] 

etaread(t) =etal and e-alpha ? It ... (2) 

here ~ alpha — 1 — as for the time constant at the time of playback (or elimination), and I, average optical 
reinforcement and eta 1 are initial diffraction efficiency. 

[0012] From the above formula, playback shows that the diffraction efficiency of each hologram recorded 
on the hologram record medium falls exponentially ("photorefractive non-linear optics" P.YEH work, 
Maruzen *****♦). if multiplex record is carried out at this time so that the diffraction efficiency of all 
holograms may become equal, it is known that the final diffraction efficiency of each hologram is in inverse 
proportion to the square of record number of sheets ("System metric for holographic memory system", Fai 
H.Mok, Geoffrey W.Burr and Demetri Psaltis, OpticsLetters, 21, pp.896, 1996 reference). 
[0013] For example, when the hologram of 1000 sheets is recorded by equal reinforcement, the diffraction 
efficiency of each hologram falls about to ten to six compared with the case where the hologram of one 
sheet is recorded. 

[0014] As mentioned above, when diffraction efficiency falls, the S/N ratio at the time of playback will fall. 
And if lowering of the S/N ratio at the time of playback is large, a signal component will be buried in a 
noise and will become unreproducible. Therefore, in order to secure refreshable diffraction efficiency, the 
number of sheets of the hologram recorded on a hologram record medium needed to be restricted, and this 
had become the factor which restricts the storage capacity of the data recorded on a hologram record 
medium. 

[0015] Therefore, in the hologram play back system, to raise the storage capacity of data is set to one of the 
technical problems for pulling out the focus of this method to the maximum extent, and generally spreading 
this method widely by suppressing decline in diffraction efficiency as much as possible, and performing 
multiplex record. 

[0016] As a means to suppress decline in diffraction efficiency as much as possible, and to perform 
multiplex record The hologram by which multiplex record was carried out is considered as a master. 
Furthermore, the hologram the method of carrying out multiplex record is proposed by another hologram 
(Mark Armstrong [ Johnson and ] "Multiple multiple-exposure hologram" and Kristina M. — ) Lambertus 
Hesselink, and Joseph W.Goodman, Applied Optics, 24, pp.4467-4472, 1985 reference. 
[0017] This approach is explained below. First, the hologram of m sheets is recorded on the 1st hologram 
record medium using a common reference beam. And the hologram of m sheets recorded on this 1st 
hologram record medium is reproduced collectively, and it records on the 2nd hologram record medium by 
making that playback light into body light. Next, the hologram of m sheets is again recorded on the 1 st 
hologram record medium, and copy record of this is carried out using the same reference beam as the time 
of recording the first hologram of m sheets on the 2nd hologram record medium. The above procedure is 
wound n times and returned. Consequently, multiplex record of the hologram of ** (nxm) will be carried out 
at the 2nd hologram record medium. 

[0018] If this hologram is reproduced, since the hologram of** will be put [ it piles it up and ] together and 
reproduced simultaneously (nxm), the image of a layer (nxm) can be piled up and it can display 
simultaneously. If a solid fault is recorded using this approach, the whole stereo can be displayed in three 
dimensions. 

[0019] The diffraction efficiency at this time can be increased m times compared with the case where it 
records to the usual recording schedule. That is, if the hologram of m sheets is recorded on the 1st hologram 
record medium, the diffraction efficiency of each hologram will be set to l/m2. However, since this 
hologram of m sheets is recorded as a hologram of one sheet at the time of the copy to the 2nd hologram 
record medium, total of the diffraction efficiency of the hologram of m sheets is set to l/n2. Therefore, when 
all of the hologram of m sheets reproduce equal diffraction efficiency, then the second equal hologram, the 
diffraction efficiency per hologram of one sheet is oneof them m, and the final diffraction efficiency per 
sheet is l/(mxn2). On the other hand, the diffraction efficiency at the time of carrying out multiplex record 
of the hologram of** (nxm) to the usual recording schedule is l/(m2xn2). Therefore, it turns out by copying 
a hologram by the above approach that diffraction efficiency increased m times. 
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[0020] However, since this approach is proposed for the purpose of piling up a cross section and displaying 
a solid image, bundles up the hologram by which multiplex record was carried out to the 1st hologram 
record medium and reproduced to it as mentioned above In case each hologram is recorded on the 1st 
hologram record medium, the common reference beam is used, after all the holograms have piled up at the 
time of playback, it is reproduced simultaneously, and one-sheet the hologram of one sheet cannot be 
separated. Therefore, the application of those other than a special application which was mentioned above is 
difficult for this approach, and it has come to solve the above-mentioned technical problem intrinsically. 
[0021] Then, this invention performs multiplex record, suppressing decline in diffraction efficiency as much 
as possible, and aims at offering the hologram record regenerative apparatus and the hologram record 
playback approach of enabling record playback of mass data. 
[0022] 

[Means for Solving the Problem] In order that the hologram record regenerative apparatus concerning this 
invention may solve the above-mentioned technical problem The 1 st record means which carries out 
multiplex record of the hologram of two or more sheets at the 1 st hologram record medium using the same 
reference beam while changing whenever [ incident angle / of body light ], whenever it records the 
hologram of one sheet, The 1st playback means which bundles up the hologram of two or more sheets by 
which multiplex record was carried out with this 1st record means at the 1st hologram record medium, and 
is reproduced, Playback light of the hologram of two or more sheets which bundled up with this 1st 
playback means and was reproduced is made into body light. The 2nd record means which carries out two or 
more sheet multiplex record at the 2nd record medium using a reference beam which is different in the 
multiplex record hologram which the hologram of two or more above-mentioned sheets piles up, and it 
comes to make into one hologram, It has the 2nd playback means which reproduces a desired multiplex 
record hologram selectively among the*multiplex record holograms of two or more sheets by which 
multiplex record was carried out with this 2nd record means at the 2nd hologram record medium. 
[0023] According to this hologram record regenerative apparatus, multiplex record of the hologram of two 
or more sheets is carried out by the 1st record means at the 1st record medium. At this time, each hologram 
is recorded on the 1st hologram record medium using the same reference beam, changing whenever 
[ incident angle / of body light ], respectively. 

[0024] The hologram of two or more sheets by which multiplex record was carried out with the 1 st record 
means at the 1st hologram record medium is put in block with the 1st playback means, and is reproduced. 
That is, by reading to the 1 st hologram record medium by the same incident angle as the reference beam 
used when the 1 st record means recorded the hologram of two or more sheets on the 1 st hologram record 
medium, and carrying out incidence of the light, the 1st playback means bundles up the hologram of two or 
more sheets by which multiplex record was carried out to the 1st hologram record medium, and is 
reproduced to it. 

[0025] The hologram of two or more sheets which bundled up with the 1st playback means and was 
reproduced is made into the condition that each hologram piled up. And this hologram of two or more sheets 
will pile up, and the multiplex record hologram which it comes to make into one hologram will be again 
recorded on the 2nd hologram record medium by the 2nd record means. That is, the 2nd record means 
records this multiplex record hologram on the 2nd hologram record medium again, using the playback light 
of the hologram (multiplex record hologram) of two or more sheets which bundled up with the 1st playback 
means and was reproduced as a body light. And the 2nd record means carries out two or more sheet 
multiplex record of the multiplex record , hologram at the 2nd record medium using a different reference 
beam. 

[0026] The multiplex record hologram of two or more sheets by which multiplex record was carried out 
with the 2nd record means at the 2nd hologram record medium is selectively reproduced by the 2nd 
playback means. That is, the 2nd playback means reproduces a desired multiplex record hologram by 
choosing the incident angle of read-out light, when multiplex record of the multiplex record hologram of 
two or more sheets is carried out by include-angle multiplex at the 2nd hologram record medium. 
[0027] In addition, as for the hologram record regenerative apparatus concerning this invention, it is 
desirable to have a hologram extract means to extract a desired hologram among the holograms of two or 
more sheets which constitute the multiplex record hologram reproduced by the 2nd playback means. What 
extracts a desired hologram, and the thing which extract a desired hologram by penetrating or reflecting 
selectively the playback light of the multiplex record hologram reproduced by the 2nd playback means by 
the component which has angular dependence can consider by filtering the playback light of the multiplex 
record hologram reproduced by the 2nd playback means on the fourier side of an image using spatial 
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opening as this hologram extract means, for example. 

[0028] Moreover, as for the hologram record regenerative apparatus concerning this invention, it is desirable 
to use a hologram record ingredient recordable only at once [, such as a photopolymer, ] as 2nd hologram 
record medium as 1st hologram record medium using the rewritable hologram record ingredient of for 
example, a photorefractive crystal etc. ■ 

[0029] Moreover, the hologram record regenerative apparatus concerning this invention The 1st record 
means is equipped with the micro-lens array which comes to arrange two or more micro lenses 
corresponding to each pixel of a space optical modulator and this space optical modulator. The spot in the 
focal plane of each micro lens is made to separate by changing the incident angle of the light which carries 
out incidence to a space optical modulator. Divide into two or more images one image displayed on the 
space optical modulator, and multiplex record is carried out as a hologram of two or more sheets at the 1st 
record medium. You may make it the 2nd playback means reproduce the multiplex record hologram which 
the hologram of two or more sheets by which one image displayed on the space optical modulator was 
divided piles up, and it comes to unite. 

[0030] In this case, the multiplex record hologram reproduced by the 2nd playback means is displayed as 
one image for example, by the display means. Or a desired hologram is extracted by the hologram extract 
means among the holograms of two or more sheets which constitute a multiplex record hologram. 
[0031] Moreover, the hologram record playback approach concerning this invention Changing whenever 
[ incident angle / of body light ], whenever it records the hologram of one sheet, in order to solve the above- 
mentioned technical problem The 1st step which carries out multiplex record of the hologram of two or 
more sheets at the 1 st hologram record medium using the same reference beam, The 2nd step which bundles 
up the hologram of two or more sheets by which multiplex record was carried out to the 1st hologram record 
medium, and is reproduced to it in the 1st step, Playback light of the hologram of two or more sheets 
collectively reproduced in the 2nd step is made into body light. The 3rd step which carries out two or more 
sheet multiplex record at the 2nd record medium using a reference beam which is different in the multiplex 
record hologram which the hologram of two or more above-mentioned sheets piles up, and it comes to make 
into one hologram, In the 3rd step, it is characterized by passing through the 4th step which reproduces a 
desired multiplex record hologram selectively to the 2nd hologram record medium among the multiplex 
record holograms of two or more sheets by which multiplex record was carried out. 
[0032] According to this hologram record playback approach, in the 1st step, multiplex record of the 
hologram of two or more sheets is carried out at the 1st record medium. At this time, each hologram is 
recorded on the 1st hologram record medium using the same reference beam, changing whenever [ incident 
angle / of body light ], respectively. 

[0033] In the 1st step, the hologram of two or more sheets by which multiplex record was carried out is 
collectively reproduced by the 1 st hologram record medium in the 2nd step. That is, at the 2nd step, by 
reading to the 1 st hologram record medium by the same incident angle as the reference beam used when the 
hologram of two or more sheets was recorded on the 1st hologram record medium in the 1st step, and 
carrying out incidence of the light, the hologram of two or more sheets by which multiplex record was 
carried out is put in block to the 1st hologram record medium, and it reproduces to it. 
[0034] The hologram of two or more sheets collectively reproduced in the 2nd step is made into the 
condition that each hologram piled up. And this hologram of two or more sheets will pile up, and the 
multiplex record hologram which it comes to make into one hologram will be again recorded on the 2nd 
hologram record medium in the 3rd step. That is, at the 3rd step, this multiplex record hologram is again 
recorded on the 2nd hologram record medium, using the playback light of the hologram (multiplex record 
hologram) of two or more sheets which^ bundled up with the 1 st playback means and was reproduced as a 
body light. And at the 3rd step, two or more sheet multiplex record of the multiplex record hologram is 
carried out at the 2nd record medium using a different reference beam. 

[0035] In the 3rd step, the multiplex record hologram of two or more sheets by which multiplex record was 
carried out is selectively reproduced by the 2nd hologram record medium in the 4th step. That is, at the 4th 
step, when multiplex record of the multiplex record hologram of two or more sheets is carried out by 
include-angle multiplex at the 2nd hologram record medium, a desired multiplex record hologram is 
reproduced by choosing the incident angle of read-out light, for example. 

[0036] In addition, as for the hologram record playback approach concerning this invention, it is desirable to 
pass through the 5th step which extracts a desired hologram among the holograms of two or more sheets 
which constitute the multiplex record hologram reproduced in the 4th step. It is possible to extract a desired 
hologram, to extract a desired hologram by penetrating or reflecting selectively the playback light of the 
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multiplex record hologram reproduced by the 2nd playback means by the component which has angular 
dependence, etc. with this 5th step by, for example, filtering the playback light of the multiplex record 
hologram reproduced in the 4th step on the fourier side of an image using spatial opening. 
[0037] Moreover, as for the hologram record playback approach concerning this invention, it is desirable to 
use a hologram record ingredient recordable only at once [, such as a photopolymer, ] as 2nd hologram 
record medium as 1 st hologram record medium using the rewritable hologram record ingredient of for 
example, a photorefractive crystal etc. 

[0038] Moreover, the hologram record playback approach concerning this invention In the 1st step, the 
micro-lens array which comes to arrange two or more micro lenses corresponding to each pixel of a space 
optical modulator and this space optical modulator is used. The spot in the focal plane of each micro lens is 
made to separate by changing the incident angle of the light which carries out incidence to a space optical 
modulator. Divide into two or more images one image displayed on the space optical modulator, carry out 
multiplex record as a hologram of two or more sheets at the 1 st record medium, and it sets to the 4th step. 
You may make it the hologram of two or more sheets by which one image displayed on the space optical 
modulator was divided reproduce the multiplex record hologram which it piles up and comes to unite. 
[0039] In this case, the multiplex record hologram reproduced in the 4th step is displayed as for example, 
one image. Or in the 5th step, a desired hologram is extracted among the holograms of two or more sheets 
which constitute a multiplex record hologram. 
[0040] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[0041] The example of 1 configuration of the hologram record regenerative apparatus which applied this 
invention is shown in drawing 1 . The hologram record regenerative apparatus 1 shown in this drawing 1 is 
equipped with the light source 2 to which wavelength width of face carries out outgoing radiation of the 
sufficiently narrow high laser beam of coherence. On the optical path of the laser beam by which outgoing 
radiation is carried out from this light source 2, the collimator lens 3 which changes this laser beam into 
parallel light, and the 1st beam splitter 4 for branching the optical path of the laser beam changed into 
parallel light by this collimator lens 3 a£e arranged. The 1st beam splitter 4 branches the optical path of this 
laser beam by reflecting other parts and bending that optical path about 90 degrees, for example while 
penetrating a part of laser beam changed into parallel light by the collimator lens 3. 
[0042] It is reflected by the 1 st beam splitter 4 and the 1 st shutter 5 which switches ON/OFF of this laser 
beam, and the 1st beam deflector 6 which controls the travelling direction of this laser beam are arranged on 
the optical path of the laser beam by which the optical path was bent. By deflecting the laser beam which 
carried out incidence by the predetermined deflection angle, and penetrating or reflecting it, the 1 st beam 
deflector 6 controls the travelling direction of this laser beam, and consists of an acoustooptic deflector, an 
electrooptic deflector, a galvanomirror, etc. In addition, you may make it this 1st beam deflector 6 deflect a 
laser beam in the direction of a single dimension, and may make it deflect it in the direction of two 
dimension. 

[0043] On the optical path of the laser beam by which the travelling direction was controlled by this 1st 
beam deflector 6, the space optical modulator 7 and the 1 st hologram record medium 8 are arranged. And 
between the 1st beam deflector 6 and the space optical modulator 7, the lenses 9 and 10 for projecting the 
outgoing radiation side of the 1st beam deflector 6 on the space optical modulator 7 are arranged. In 
addition, the case where the outgoing radiation side of the 1st beam deflector 6 is projected on the space 
optical modulator 7 by actual size is considered, both the focal distances of a lens 9 and a lens 10 are set to 
F, the 1 st beam deflector 7 is arranged on the focal plane of a lens 9, and he arranges the space optical 
modulator 7 on the focal plane of a lens 10, and is trying to set spacing of a lens 9 and a lens 10 to 2F in the 
example shown in drawing 1 . 

[0044] Here, since the product of the ii\cident light to each side and an angle of incidence is more fixed than 
the relation of RAGURANJIE helmholtz, if a beam of light is expanded, the deflection angle of a beam will 
be reduced. Conversely, a beam diameter must be reduced if it is going to enlarge the deflection angle of a 
beam. Therefore, if required, it is desirable to set the diameter of outgoing radiation of the outgoing beam in 
this projection scale factor or the 1st beam deflector 7 as a suitable value. 

[0045] The space optical modulator 7 consists of a liquid crystal display (LCD) of for example, a 
transparency mold etc., and displays the image according to a picture signal on a display. And the space 
optical modulator 7 is modulated according to the image which displayed this laser beam on the display by 
making this display penetrate the laser beam by which outgoing radiation was carried out from the 1st beam 
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deflector 6. 

[0046] In this hologram record regenerative apparatus 1 , as mentioned above, it is reflected by the 1 st beam 
splitter 4, and let the laser beam modulated by the space optical modulator 7 be body light after deviating 
with the 1st beam deflector 6. 

[0047] Between the space optical modulator 7 and the 1st hologram record medium 8, the lens 1 1 for 
carrying out the Fourier transform of the body light modulated according to the image displayed on the 
display of the space optical modulator 7 is arranged. In addition, he sets the focal distance of a lens 1 1 to f, 
and is trying to arrange the space optical modulator 7 and the 1 st hologram record medium 8 on the focal 
plane of a lens 1 1 in the example shown in drawing 1 , respectively. Here, the 1st hologram record medium 
8 makes the core the criteria of a location. 

[0048] By penetrating a lens 1 1, the FolSrier transform of the body light modulated by the space optical 
modulator 7 after deviating with the 1st beam deflector 6 is carried out, and it carries out incidence to the 1st 
hologram record medium 8 arranged near [ the ] the fourier side by the incident angle according to the 
deflection angle by the 1st beam deflector 6. 

[0049] On the other hand, on the optical path of the laser beam which penetrated the 1 st beam splitter 4, it is 
reflected by the clinch mirror 12 which reflects this laser beam and bends that optical path about 90 degrees, 
and this clinch mirror 12, and the 2nd beam splitter 13 for branching the optical path of the laser beam by 
which the optical path was bent is arranged. The 2nd beam splitter 13 branches the optical path of this laser 
beam by reflecting other parts and bending that optical path about 90 degrees, for example while penetrating 
a part of laser beam reflected by the clinch mirror 12. 

[0050] It is reflected by the 2nd beam splitter 13 and the 2nd shutter 14 which switches ON/OFF of this 
laser beam is arranged on the optical path of the laser beam by which the optical path was bent. Moreover, 
on the optical path of the laser beam which penetrated the 2nd beam splitter 13, the 3rd shutter 15 which 
switches ON/OFF of this laser beam is arranged. 

[0051] And in this hologram record regenerative apparatus 1, when the 2nd shutter 14 is opened, it is 
reflected by the 2nd beam splitter 13 and the laser beam by which the optical path was bent is made as 
[ carry out / as a reference beam / by the predetermined incident angle / to the hologram record medium 8 of 
the above 1st / incidence ]. 

[0052] Therefore, this hologram record regenerative apparatus 1 By opening the 1st shutter 5 and 2nd 
shutter 14, and carrying out outgoing radiation of the laser beam from the light source 2, where the 3rd 
shutter 1 5 is closed The body light whi£h becomes irregular with the space optical modulator 7, and carries 
out incidence to the 1st hologram record medium 8 by the incident angle according to the deflection angle 
by the 1st beam deflector 6, The reference beam which carries out incidence to the 1st hologram record 
medium 8 by the predetermined incident angle can be made to be able to interfere in the 1 st hologram record 
medium 8, and it can record on the 1st hologram record medium 8 by making into a hologram the image 
displayed on the space optical modulator 7. 

[0053] Changing the incident angle to the 1st hologram record medium 8 of the body light which penetrated 
the space optical modulator 7 by changing the deflection angle according the above record process to the 1st 
beam deflector 6, the hologram record regenerative apparatus 1 concerning this invention is repeatedly 
performed using the same reference beam, and carries out multiplex record of the hologram of two or more 
sheets at the 1st hologram record medium 8. Hereafter, this record process is called 1st step. 
[0054] The recording schedule in the 1st step is set up so that, as for the hologram record regenerative 
apparatus 1, ** "a page" by which multiplex record was carried out may have equal diffraction efficiency in 
the 1st hologram record medium 8 altogether at the time of playback. 

[0055] In addition, the multiplex record hologram which the "page" of these plurality piles up one-sheet the 
hologram of one sheet recorded on the 1 st hologram record medium 8 in the following explanation by 
carrying out multiplex record of a "page", calls, and these ** "a page" at the 1st hologram record medium 
using the same reference beam, and it comes to unite for the facilities of explanation will be called a 
"chapter." 

[0056] In the 1st step, all the "pages" by which multiplex record was carried out is recorded on the 1st 
hologram record medium 8 using the same reference beam, as mentioned above. Therefore, if incidence of 
the same light as the reference beam used when ** "a page" was recorded is carried out to the 1st hologram 
record medium 8 as a read-out light, the hologram record regenerative apparatus 1 can bundle up all the 
"pages" of the "chapter" recorded on the 1st hologram record medium 8, and can be reproduced. Hereafter, 
this renewal process is called 2nd step. 

[0057] On the optical path of the playback light reproduced in the 2nd step, the 2nd hologram record 
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medium 18 in which the playback light which penetrated the lenses 16 and 17 for carrying out the Fourier 
transform of this playback light and these lenses 16 and 17 carries out incidence as a body light is arranged. 
In addition, the focal distance of lenses 16 and 17 is set to f, the 1st hologram record medium 8 is located on 
the focal plane of a lens 16, the 2nd hologram record medium 1 8 is located on the focal plane of a lens 17, 
and he is trying to set [ in / both / the example shown in drawing 1 ] spacing of a lens 1 6 and a lens 1 7 to 2f. 
Here, the 2nd hologram record medium 1 8 makes the core the criteria of a location. 
[0058] In the 2nd step, if the Fourier transform of "all the pages reproduced from the 1st hologram record 
medium 8", i.e., "chapters", is carried out with a lens 16, the reconstruction image of a "chapter" will be 
reproduced by the reconstruction image side which is a focal plane of a lens 16. Since the reconstruction 
image of the "chapter" reproduced by this reconstruction image side is made into the condition that the 
reconstruction image of all the "pages" that constitutes a "chapter" piles up coherent, is put together, and 
interfered each other, it cannot distinguish and read ** "a page" from this image. 
[0059] The hologram record regenerative apparatus 1 concerning this invention carries out the Fourier 
transform of the reconstruction image of the "chapter" reproduced by this reconstruction image side with a 
lens 17 again, and he is trying to make it it carry out incidence to the 2nd hologram record medium 18 
arranged near [ that ] the fourier side at an angle of predetermined by making into body light the image by 
which the Fourier transform was carried out. 

[0060] On the optical path of the laser beam which, on the other hand, penetrated the 2nd beam splitter 1 3 
mentioned above, the 2nd beam deflector 19 which controls the travelling direction of this laser beam is 
arranged. By deflecting the laser beam which carried out incidence by the predetermined deflection angle, 
and penetrating or reflecting it like the 1st beam deflector 4, this 2nd beam deflector 19 controls the 
travelling direction of this laser beam, and consists of an acoustooptic deflector, an electrooptic deflector, a 
gal vanomirror, etc. However, since this 2nd beam deflector 1 9 is used as a means to change the incident 
angle of a reference beam in order to record a "chapter" on the 2nd hologram record medium 18 by include- 
angle multiplex, it cannot deflect a laser beam in the direction of two dimension, but it is necessary to make 
it deflect it in a 1 -dimensional side including a body light optical axis. It is because degeneration will arise 
and two or more holograms will be simultaneously reproduced, if a reference beam is scanned in the 
direction vertical to the flat surface which a reference beam and body light make (refer to "photorefractive 
non-linear optics", P.Yeh, and Maruzen). However, when performing fractal multiplex, a laser beam can be 
deflected also in the direction vertical to the flat surface which this the reference beam and body light 
instead of a limitation make, but when so many multiplicities cannot be obtained, in order that the location 
of a reconstruction image may shift in the direction vertical to the flat surface which a reference beam and 
body light make, electric eyes, such as CCD, must be moved or means, such as using big CCD, must be 
provided. 

[0061] In the hologram record regenerative apparatus 1 concerning this invention, the 2nd beam splitter 13 
is penetrated and the laser beam by which the travelling direction was controlled by the 2nd beam deflector 
1 9 is made as [ carry out / as a reference beam / by the incident angle according to the deflection angle by 
the 2nd beam deflector 19 / to the 2nd hologram record medium 18 / incidence ]. 

[0062] Therefore, this hologram record regenerative apparatus 1 By closing the 1st shutter 5, opening the 
2nd and 3rd shutters 14 and 1 5, and carrying out outgoing radiation of the laser beam from the light source 2 
While reproducing ** by which multiplex record was carried out "a page", i.e., a "chapter", to the 1st 
hologram record medium 8 and carrying out incidence to the 2nd hologram record medium 1 8 by the 
predetermined incident angle by making this playback light into body light The laser beam which penetrated 
the 2nd beam splitter 13 is deflected with the 2nd beam deflector 19. Incidence is carried out to the 2nd 
hologram record medium 18 as a reference beam by the incident angle according to this deflection angle. 
Such light can be made to be able to interfere in the 2nd hologram record medium 1 8, and all the "pages" 
that constitutes a "chapter" can record the multiplex record hologram which it piles up and comes to unite on 
the 2nd hologram record medium 1 8 as a hologram of one sheet. 

[0063] The hologram record regenerative apparatus 1 concerning this invention should pass the above 
record process. When all the "pages" that constitutes a "chapter" records the multiplex record hologram 
which it piles up and comes to unite on the 2nd hologram record medium 18 as a hologram of one sheet 
Again, it returns to the 1st step, multiple^ record of the "page" new to the 1st hologram record medium 8 is 
carried out, and new "chapter" is constituted in the 1st hologram record medium 8. Before recording new 
"chapter" on the 1st hologram record medium 8 at this time, you may make it eliminate all the "pages" of the 
old "chapter" recorded on the 1st hologram record medium 8 using means, such as an optical exposure and 
heating. 
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[0064] If new "chapter" is recorded on the 1st hologram record medium 8, this "chapter" will be reproduced 
by the 2nd step. And incidence is again carried out to the 2nd hologram record medium 18 by making the 
reconstruction image of this "chapter" into body light. At this time, by changing the deflection angle by the 
2nd beam deflector 19, the angle of incidence to the 2nd hologram record medium 18 of a reference beam is 
changed with the time of pre- "chapter" record, and new "chapter" is recorded on the 1st hologram record 
medium 18. This procedure is repeated and two or more "chapters" is recorded on the 2nd record medium 18 
by the so-called include-angle multiplex record. Hereafter, this record process is called 3rd step. 
[0065] The recording schedule in the 3rd step is set up so that, as for the hologram record regenerative 
apparatus 1, ** "a chapter" by which multiplex record was carried out may have equal diffraction efficiency 
in the 2nd hologram record medium 1 8 altogether at the time of playback. 

[0066] in addition, the "chapter" which consists of a "page" by which multiplex record was carried out by 
the same reference beam in the following explanation for the facilities of explanation the 2nd hologram 
record medium 18 — the whole hologram which carried out multiplex record using a reference beam 
which is different in every chapter" will be called a "book." 

[0067] In order for two or more "chapters" to reproduce desired "chapter" to the 2nd hologram record 
medium 18 in the 3rd step among the "books" which comes to carry out multiplex record Where closing and 
the 3rd shutter 15 are opened for the 1st shutter 5 and 2nd shutter 14, carry out outgoing radiation of the 
laser beam from the light source 2, and the deflection angle by the 2nd beam deflector 19 is adjusted. What 
is necessary is just to carry out incidence of the same light as the reference beam used when the "chapter" to 
reproduce was recorded to the 2nd hologram record medium 1 8 as a read-out light. Hereafter, this renewal 
process is called 4th step. 

[0068] On the optical path of the playback light reproduced in the 4th step, the lenses 20 and 21 for carrying 
out the Fourier transform of this playback light are arranged. The focal distance of lenses 20 and 21 is set to 
f, the 2nd hologram record medium 1 8 is located on the focal plane of a lens 20, and he is trying to set [ in / 
both / the example shown in drawing 1 ] spacing of a lens 20 and a lens 21 to 2f 
[0069] In the 4th step, if the Fourier transform of the "chapter" selectively reproduced from the 2nd 
hologram record medium 18 is carried out with a lens 20, the reconstruction image of the "chapter" chosen 
as the reconstruction image side which is a focal plane of a lens 20 will be reproduced. However, as 
mentioned above, since the reconstruction image of the "chapter" reproduced by this reconstruction image 
side is made into the condition that the reconstruction image of all the "pages" that constitutes a "chapter" 
piles up coherent, is put together, and interfered each other, it cannot distinguish and read ** "a page" from 
this image. 

[0070] Then, the hologram record regenerative apparatus 1 concerning this invention reproduces the 
reconstruction image of the "chapter" reproduced by this reconstruction image side to the reconstruction 
image side which is a focal plane of a lens 21 again about the image by which the Fourier transform was 
carried out by carrying out the Fourier transform with a lens 21 . Here, the reconstruction image side which 
is a focal plane of a lens 21 is the Fourier transform side of the space optical modulator 7. Therefore, the 
parallel ray of a different direction in respect of the space optical modulator 7 will be condensed by different 
point in this reconstruction image side. Specifically, the reconstruction image by which the space optical 
modulator 7 is reproduced by this reconstruction image side since that whose configuration of each pixel is 
rectangle opening is generally most takes the diffraction pattern in which the diffracted light spread in all 
directions. 

[0071] The hologram record regenerative apparatus 1 concerning this invention includes even a primary 
positive/negative light of a reconstruction image in every direction in the reconstruction image side which is 
a focal plane of this lens 21, and arranges in it the hologram extract means 22 which filters and takes out the 
diffracted light of a specific "page" component, and he is trying to extract desired "page" out of the 
"chapter" reproduced by the reconstruction image side with this hologram extract means 22. Hereafter, the 
process in which the "page" of this request is extracted is called 5th step. 

[0072] As a hologram extract means 22 used in the 5th step, aperture with movable opening can be 
considered, for example. That is, using this aperture, while making only the component of a desired "page" 
penetrate through opening out of the diffraction pattern of the whole "chapter", the diffracted light of other 
"pages" can be intercepted, and the image of that "page" can be restored to a backside [ a lens 23 ] focal 
plane by carrying out the Fourier transform of the diffracted light of the "page" component penetrated 
through opening again with the lens 23 arranged on that optical path. 

[0073] And if the detector arrays 24, such as CCD, are arranged in a backside [ this lens 23 ] focal plane, the 
data of the "page" extracted by the holQgram extract means 22 can be read. 
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[0074] Here, it is possible to use the liquid crystal shutter array 30 as shown in drawing 2 as aperture with 
movable opening, for example. It comes to arrange many arrays of the shutter to which this liquid crystal 
shutter array 30 becomes a filter side from the array of a liquid crystal cell 3 1 . It comes to insert a liquid 
crystal cell 3 1 with two transparence substrates which were the same as that of the liquid crystal cell used 
for the panel for a display etc., and coated the orientation film and a transparent electrode for liquid crystal. 
And the transistor component and wiring which can drive each part independently are given to each [ these ] 
liquid crystal cell 31. The liquid crystal shutter array 30 can control the permeability of the light of each 
liquid crystal cell 31 by giving an electrical signal from the exterior to each [ these ] liquid crystal cell 31 
according to an individual. Here, opening of each liquid crystal cell 3 1 is made as [ have / the configuration 
and magnitude which can choose only the diffracted light of a specific "page" spatially ]. 
[0075] If only the permeability of the liquid crystal cell 3 1 of the part corresponding to desired "page" is 
raised and the permeability of the liquid crystal cell 31 of other parts is made low using this liquid crystal 
shutter array 30 While making only the component of a desired "page" penetrate through opening of the 
liquid crystal cell 3 1 of the part corresponding to this out of the diffraction pattern of the whole "chapter" as 
shown in drawing 3 , the diffracted light of other "pages" is intercepted, and desired "page" can be chosen 
and it can reproduce. The principle of operation of each liquid crystal cell 31 which constitutes this liquid 
crystal shutter array 30 can consider various things, and can use micro machines, such as a micro mirror 
array using various components known as a space optical modulator, for example, a reflective mold liquid 
crystal display, a mold light valve writeVin [ optical ], and ultra-fine processing technology, etc. 
[0076] Moreover, although opening is electrically moved like the liquid crystal shutter array 30 mentioned 
above as aperture with movable opening, you may make it use for others the shutter equipment to which for 
example, a machine target is made to move opening. 

[0077] Moreover, as a hologram extract means 22 used in the 5th step, as shown in drawing 4 , what 
combined the beam deflection means 41 which makes adjustable the travelling direction of light, such as the 
aperture 40 which has fixed opening, and a galvanomirror, can be considered, for example. In this case, on 
the optical path of the playback light reproduced in the 4th step, it changes into a lens 20 and the lens 42 
which changes this playback light into parallel light is arranged. And the beam deflection means 41 is 
arranged on the optical path of the playback light changed into parallel light by the lens 42. The diffraction 
pattern of all the "pages" that belongs to a "chapter" with this beam deflection means 41 in the focal plane of 
the lens 21 arranged in that latter part will be scanned. And aperture 40 is arranged in the focal plane of the 
lens 21 with which the diffraction pattern of all the "pages" belonging to a "chapter" is scanned. 
[0078] The opening 43 which penetrates only the diffracted light of the "page" of one sheet chosen as 
aperture 40 from the diffraction patterns of the whole "chapter" is formed, for example in the core. And all 
of the diffracted light of "pages" other than the "page" as which this aperture 40 was chosen are made as 
[ intercept ]. Therefore, this tail hologram extract means 22 can extract desired "page" out of a "chapter" by 
making only the component of a desired "page" penetrate through the opening 43 of aperture 40 out of the 
diffraction pattern of the whole "chapter" deflected by the beam deflection means 41. 

[0079] In addition, as long as the hologram extract means 22 can extract desired "page" out of a "chapter", it 
may be considered as the configuratior^which combined the example which may consider as the 
configuration of those other than the example mentioned above, and was mentioned above. 
[0080] The part from the space optical modulator 7 of the hologram record regenerative apparatus 1 
concerning this invention to the detector array 24 is expanded to drawing 5 , and is shown. Moreover, the 
intensity distribution of the laser beam in each side of (a) in drawing 5 - (g) are typically shown in drawing 6 
(a) - drawing 6 (g). 

[0081] In this hologram record regenerative apparatus 1, the laser beam which penetrates the space optical 
modulator 7 serves as a pattern like drawing 6 (a) in respect of (a) in drawing 5 . Moreover, the body light 
which carried out incidence to the 1st hologram record medium 8 serves as a pattern like drawing 6 (b) in 
respect of (b) in drawing 5 . Moreover, the playback light (body light) which penetrated the lens 16 serves as 
a pattern like drawing 6 (c) in respect of (c) in drawing 5 . Moreover, the body light which carried out 
incidence to the 2nd hologram record medium 1 8 serves as a pattern like drawing 6 (d) in respect of (d) in 
drawing 5 . Moreover, the playback light which penetrated the lens 20 serves as a pattern like drawing 6 (e) 
in respect of (e) in drawing 5 . Moreover, the playback light which penetrated the lens 21 serves as a pattern 
like drawing 6 (f) in respect of (f) in drawing 5 . Moreover, the playback light which carried out incidence to 
the detector array 24 serves as a pattern like drawing 6 (g) in respect of (g) in drawing 5 . 
[0082] Here, since the body light (or playback light) of** "a page" which constitutes a "chapter" is the 
beam of light of a different incident angle, it shows the diffraction pattern separated spatially in respect of 
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the (b) side which is the fourier side, (d), and (f). Moreover, since all the "pages" belonging to a "chapter" is 
reproduced in respect of (f) which is the reconstruction image side of the "chapter" recorded on the (c) side 
and the 2nd hologram record medium 1 8 which are the reconstruction image side of the "chapter" recorded 
on the 1st hologram record medium 8, the pattern on top of which all the "pages" was laid coherent is 
observed. And in the hologram record regenerative apparatus 1 concerning this invention, since desired 
"page" is extracted by the hologram extract means 22 out of the reconstruction image of this "chapter" and 
only the component of this "page" carries out incidence to the detector array 24, in respect of (g), this 
selected "page" of one sheet is observed. 

[0083] Therefore, in the hologram record regenerative apparatus 1 concerning this invention, the 1st 
hologram record medium 8 will store information as a buffer memory temporarily, and the 2nd hologram 
record medium 1 8 will play a role of main memory. Here, when recording the "page" of m sheets on the 1 st 
hologram and copying this to the 2nd hologram n times (i.e., when setting to 1 "a book" n "a chapter" which 
consists of m "a page", respectively), 1 "a book" consists of "(nxm) pages." this time ~ 1 — "— the 
diffraction efficiency of per page" is l/(n2xm). Since the diffraction efficiency when carrying out multiplex 
record of the hologram to the usual recording schedule is l/(n2xm2), it can increase the diffraction 
efficiency of each hologram m times at the time of carrying out multiplex record to the usual recording 
schedule by carrying out record playback of the hologram with the hologram record regenerative apparatus 
1 concerning this invention. 

[0084] When record playback of the hologram of 1000 sheets is specifically carried out as 100 "a page" and 
10 "a chapter" with the hologram record regenerative apparatus 1 applied to this invention to the diffraction 
efficiency of the hologram of one sheet being set to 10-6 when multiplex record of the hologram of 1000 
sheets is carried out to the usual recording schedule, the diffraction efficiency of the hologram of one sheet 
is set to 10-4. Therefore, by carrying out record playback of the hologram of 1000 sheets as mentioned 
above using the hologram record regenerative apparatus 1 concerning this invention shows that the 
diffraction efficiency of the hologram of one sheet can be increased 100 times at the time of carrying out 
multiplex record to the usual recording schedule. 

[0085] (Example using a micro-lens array) Next, the hologram record regenerative apparatus equipped with 
the micro-lens array which comes to arrange two or more micro lenses corresponding to each pixel of the 
space optical modulator 7 is explained. In addition, in the following explanation, the sign same about the 
same configuration as the hologram record regenerative apparatus 1 mentioned above is attached, and 
detailed explanation is omitted. 

[0086] When a micro-lens array is used for a hologram record regenerative apparatus, by changing the 
incident angle of the light which carries out incidence to the space optical modulator 7, the spot in the focal 
plane of each micro lens can be made to be able to separate, and the image of one sheet displayed on the 
space optical modulator 7 can be divided into two or more images. 

[0087] When a micro-lens array is used like this example, the principle of the hologram record regenerative 
apparatus 1 mentioned above will be applied for every pixel of the space optical modulator 7. Therefore, 
what is necessary is just to perform filtering by the hologram extract means 22 in each pixel unit in the 
image surface of a micro-lens array, in extracting specific "page" in this example. 

[0088] The example of 1 configuration of the hologram record regenerative apparatus using a micro-lens 
array is shown in drawing 7 . Here, only the part which performs record playback to the 1st hologram record 
medium 8 is illustrated and explained. <li;<< 

[0089] In the hologram record regenerative apparatus 50 shown in this drawing 7 , after the laser light by 
which outgoing radiation was carried out from the light source 2 is changed into parallel light by the 
collimator lens 3, that optical path branches by the 1st beam splitter 4. And in the example shown in this 
drawing 7 , it is reflected by the clinch mirror 12 and the laser beam reflected by the 1st beam splitter 4 
carries out incidence to the 1 st hologram record medium 8 by the predetermined incident angle as a 
reference beam. In addition, although the graphic display is omitted here, the reference beam which carries 
out incidence to the 2nd hologram record medium can be obtained by arranging the 2nd beam splitter on the 
optical path of the laser beam reflected by the clinch mirror 12. 

[0090] The laser beam which penetrated the 1 st beam splitter 4 is deflected by the predetermined deflection 
angle by the 1st beam deflector 6, such as a galvanomirror, and a travelling direction is controlled, the laser 
beam by which the travelling direction was controlled by the 1st beam deflector 6 — ** — "— incidence is 
carried out to the space optical modulator 7 by incident angle which is different in every page." And let the 
laser beam modulated according to the image displayed on this space optical modulator 7 be body light. 
[0091] The micro-lens array 51 is arranged in the outgoing radiation side of the space optical modulator 7 in 
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this hologram record regenerative apparatus 50. Therefore, the body light modulated according to the image 
which penetrated the space optical modulator 7 and was displayed on this space optical modulator 7 is 
condensed by different micro-lens element for every pixel of the space optical modulator 7. The Fourier 
transform of the spot of each of this micro-lens element is carried out with a lens 1 1 , and it carries out 
incidence to the 1 st hologram record medium 8 as a body light. The body light condensed by the micro-lens 
element and the reference beam which carries out incidence to the 1st hologram record medium 8 by the 
predetermined incident angle can be made by this to be able to interfere in the 1 st hologram record medium 
8, and it can record on the 1st hologram record medium 8 by making into a "page" the image of the spot 
condensed by the micro-lens element. 

[0092] Changing the incident angle of the laser beam which carries out incidence to the space optical 
modulator 7 by changing the deflection angle according the above record process to the 1st beam deflector 
6, the hologram record regenerative apparatus 50 is repeatedly performed using the same reference beam, 
and carries out multiplex record of the plurality "a page" at the 1st hologram record medium 8. 
[0093] The hologram record regenerative apparatus 50 using this micro-lens array 51 has the following 
descriptions as compared with the hologram record regenerative apparatus 1 mentioned above. That is, the 
reconstruction image acquired by carrying out the Fourier transform of the playback light of the hologram 
recorded on the 1st hologram record medium 8 with this hologram record regenerative apparatus 50 again is 
an image of the focal plane of the micro-lens array 5 1 . Therefore, if each pixel can be separated in respect of 
a reconstruction image and detector arrays, such as CCD, are arranged in this reconstruction image side as it 
is shown in drawing 8 thru/or drawing 10 , if sufficiently large include-angle spacing of the laser beam 
which carries out incidence to the space optical modulator 7 is taken in case different "page" is recorded, a 
high definition image is reproducible. 

[0094] However, as the reconstruction linage acquired by carrying out the Fourier transform of the playback 
light of the hologram recorded on the 1st hologram record medium 8 with the hologram record regenerative 
apparatus 50 using this micro-lens array 51 again is shown in drawing 1 1 , it is the image with which the 
pixel of a different "page" comes to adjoin each other, and the pixel of the same "page" will be distributed 
periodically. Therefore, in order to reproduce the original "page", this image is rearranged into the original 
"page" by putting in block the image of the "chapter" recorded on the 1st hologram record medium 8 as well 
as the hologram record regenerative apparatus 1 mentioned above, reproducing, and performing electrical 
signal processing by hardware or software. 

[0095] Moreover, the data recorded at the time of record may be processed so that a desired reconstruction 
image may be eventually acquired by reverse. Thus, if record data are processed so that a desired 
reconstruction image may be acquired eventually, this hologram record regenerative apparatus 50 can be 
used as an image display device. Since the display indicated in JP,7-36040,A was not able to display all 
pixels simultaneously, it had the problem that high-speed operation was required of a space optical 
modulator. However, since this hologram record regenerative apparatus 50 can display simultaneously all 
the "pages" contained in a "chapter", it can display a high definition image appropriately, without carrying 
out high-speed operation of the space optical modulator 7. Moreover, since this hologram record 
regenerative apparatus 50 can number [ of "Paige" ] double the number of pixels of the space optical 
modulator 7, it can be used for the display of a high definition still picture display or a three dimensional 
image. 

[0096] next, the hologram recorded on the 1 st hologram record medium 8 with the hologram record 
regenerative apparatus 50 using this mi^rp-lens array 51 ~ "— the case where extract one sheet at a time to 
every Paige", and it reproduces to it is explained. The part from the space optical modulator 7 of this 
hologram record regenerative apparatus 50 to the detector array 24 is illustrated to drawing 12 . This 
hologram record regenerative apparatus 50 is characterized by changing into the lens 21 used in the 
hologram record regenerative apparatus 1 mentioned above, and arranging the micro-lens array 52, and 
using the angular dependence filter 53 as a hologram extract means 22. 

[0097] As mentioned above, in this hologram record regenerative apparatus 50, the space optical modulator 
7 is penetrated and the image of the spot condensed by the micro-lens array 51 for every pixel of the space 
optical modulator 7 is recorded on the 1st hologram record medium 8 as "Paige." And multiplex record of 
two or more "Paige" is carried out by performing the above record process repeatedly using the same 
reference beam at the 1st hologram record medium 8, changing the incident angle of the laser beam which 
carries out incidence to the space optical modulator 7. 

[0098] By reading the same light as the reference beam used at the time of record to this 1st hologram 
record medium 8, and carrying out incidence to it as a light, the image of "all Paige by whom multiplex 
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record was done", i.e., "chapters", bundles up to the 1st hologram record medium 8, and is reproduced. And 
after this playback light penetrates a lens 16 and a lens 17, incidence is carried out to the 2nd hologram 
record medium 1 8 as a body light. 

[0099] By making this body light and reference beam interfere in the 2nd hologram record medium 18, copy 
record of the "chapter" is carried out at the 2nd hologram record medium 18. the above record process — 
each playback — "-- multiplex record of two or more "chapters" is carried out by the multiplex approaches, 
such as include-angle multiplex, to the^nd hologram record medium 18 by carrying out repeatedly using the 
reference beam to which the incident angle etc. was changed to every chapter." 
[0100] In reproducing desired "chapter" from the 2nd hologram record medium, the same light as the 
reference beam used when recording this "chapter" is read, and it carries out incidence to the 2nd hologram 
record medium 18 as a light. Thereby, it is collectively reproduced by desired "chapter" from the 2nd 
hologram record medium 18. If the Fourier transform of this playback light is carried out with a lens 20, the 
image of all "Paige" contained in a "chapter" will be set [ it puts it on it and ] and reproduced by the focal 
plane of this lens 20. 

[0101] the micro-lens array 52 by which the hologram regenerative apparatus 50 puts a focus on the focal 
plane of this lens 20 in a reconstruction image side — each spot of this reconstruction image — "— it changes 
into the parallel light which advances at an include angle which is different in every Paige." This micro-lens 
array 52 is arranged so that each lens element may correspond to 1 pixel of the space optical modulator 7 by 
1 to 1 . Therefore, the playback light of each hologram formed considering the light which carried out 
incidence by whenever [ incident angle / which is different in the space optical modulator 7 ] as a body light 
will have a travelling direction different, respectively. 

[0102] The echo or transparency filter (angular dependence filter 53) with which the hologram record 
regenerative apparatus 50 has angular dependence on the optical path of the playback light of each of this 
hologram is arranged. And he is trying for the hologram record regenerative apparatus 50 to take out only a 
component with one travelling direction from the playback light of each hologram by making the playback 
light of each hologram reflect or penetrate selectively with this singular dependence filter 53. 
[0103] The component of the playback |ight extracted with this angular dependence filter 53 is one 
component of "Paige." This one component of "Paige" carries out image formation as an image of a micro- 
lens outgoing radiation side by penetrating a lens 23. And the data of "Paige" extracted with the angular 
dependence filter 53 are read by the detector arrays 24, such as CCD arranged in this image surface. 
[0104] the hologram record regenerative apparatus 50 rotates the angular dependence filter 53 for the above 
renewal process — or by repeating changing the selection include angle of the angular dependence filter 53, 
it can dissociate one after another and "Paige" of the request in a "chapter" can be taken out. 
[0105] Here, the optical element using principles, such as interference in the thin film of total reflection, or 
the Bragg diffraction and a multiple echo and the fine structure below wavelength, as this angular 
dependence filter 53 can be used. As an optical element using the Bragg diffraction, a sound optical element, 
a volume mold hologram, etc. are mentioned. Moreover, since resonance-diffraction efficiency and 
permeability arise to whenever [ specific wavelength and specific incident angle ], the diffraction grating 
and the photonics crystal with the structure below wavelength can use this. Moreover, it is [ among these ] 
also possible to use it combining plurality. 

[0106] (Other modifications) Although he was trying to use two hologram record media, the 1st hologram 
record medium 8 and the 2nd hologram record medium 18, in the hologram record regenerative apparatus 1 
and the hologram record regenerative apparatus 50 which were mentioned above, the hologram record 
regenerative apparatus concerning this invention is not limited to the above example, and you may make it 
two or more hologram record media used in addition for it. For example, a hologram record regenerative 
apparatus can aim at improvement in a recording rate, when two or more 1st hologram record medium 8 is 
installed in juxtaposition. Moreover, improvement in diffraction efficiency can be aimed at by a hologram 
record regenerative apparatus arranging a hologram record medium to a serial, and repeating copy record. 
[0107] Moreover, in the hologram record regenerative apparatus 1 and the hologram record regenerative 
apparatus 50 which were mentioned above, although he was trying to use the light same as a reference beam 
at the time of the hologram record to the 1 st hologram record medium 8 The hologram record regenerative 
apparatus concerning this invention is not what is limited to the above example. ** "Paige" is recorded by 
reference beam different, respectively like the usual include-angle multiplex record, the same light as this 
reference beam is read, incidence is carried out to coincidence to the 1st hologram record medium 8 for all 
as a light, all holograms are put in block, and you may make it reproduce. In this case, although structure 
becomes complicated since a means to generate the reference beam from which plurality differs is needed, 
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copy record only of specific Paige can be selectively carried out by considering as such a configuration at 
the 2nd hologram 18. 

[0108] Moreover, the 1st hologram record medium 8 and the 2nd hologram record medium 18 do not need 
to be the same ingredients, and can combine various hologram record ingredients. Using the ingredient in 
which two-wave record of Pr:LiNb03 and Pr:LiTa03 grade is possible by for example, the thing for which 
the beam of light of short wavelength is irradiated only at the time of record as the 1st hologram record 
medium 8 or 2nd hologram record medium 18 It is also possible to realize non-destroying playback by the 
so-called two-wave gate record (USP 5665493 Bai et al, Y.S.Bai and R.Kachru, Phys.Rev.Lett, 78, 2944, 
1997 reference). Moreover, when a phqtopolymer is used as a hologram record medium, over a long period 
of time, it is stable and the hologram in which prolonged preservation is possible can be recorded. 
Therefore, as an ingredient of the 1st hologram record medium 8, even if not fit for a mothball, diffraction 
efficiency is high, record sensibility is high, for example, if the ingredient in which mothballs, such as a 
photopolymer, are possible is used as an ingredient of the 2nd hologram record medium 18 using 
ingredients, such as a photorefractive crystal, the hologram record regeneration system which employed the 
advantage efficiently can be built, compensating the fault of two ingredients mutually. 
[0109] Especially when using a photopolymer as a hologram record medium, as shown in drawing 13 , it is 
effective to make the configuration of a hologram record medium into a disk configuration. Handling is easy 
when another hologram can be written in the location where hologram record media differ by processing a 
hologram record medium into the same disc structure as an optical disk, and rotating this. Moreover, for 
multiplexing, beam deflection means, such as a beam deflector, cannot be used, but ** can also substitute 
for this by revolution of a disk. When performing multiplex record to the hologram record medium of such a 
configuration, shift multiplex record and peri straw FIKKU multiplex record are effective. 
[0110] The photorefractive crystal of a bulk configuration is used for the hologram record regenerative 
apparatus 60 shown in drawing 1 3 as 1st hologram record medium 8. And it is made to carry out multiplex 
record of the hologram by include-angle multiplex at the 1st hologram record medium 8 which consists of 
this photorefractive crystal. Moreover, the thing which comes to apply a photopolymer to a disk front face in 
the shape of a layer is used for this hologram record regenerative apparatus 60 as 2nd hologram record 
medium 18. And it is made to carry out multiplex record of the hologram by shift multiplex at the 2nd 
hologram record medium 1 8 of the shage of this disk. In addition, about the configuration of others of this 
hologram record regenerative apparatus 60, since it is almost the same as the hologram record regenerative 
apparatus 1 mentioned above, the sign same about the same configuration is attached and explanation is 
omitted. 

[01 1 1] Moreover, in the hologram record regenerative apparatus 1 and the hologram record regenerative 
apparatus 50 which were mentioned above, although the case where include-angle multiplex system was 
used was described as the multiplex record approach of the 2nd hologram record medium 18, the hologram 
record regenerative apparatus concerning this invention is not limited to the above example, and the other 
multiplex record approaches may be used for it. That is, in addition to the shift multiplex system considered 
to be deformation of include-angle multiplex system, peri straw FIKKU multiplex system, phase code 
multiplex system, etc., wavelength multiplex system, spatial multiplexing, fractal multiplex system, etc. can 
be used for the hologram record to this 2nd hologram record medium 18. Moreover, the multiplex system 
which combined these some may be adopted, when using wavelength multiplex system, in order 
[ however, ] to reproduce using the same reference beam — "— it is necessary to use wavelength which is 
different in every chapter" also at the time of the hologram record to the 1 st hologram record medium 8 
[0112] Moreover, if the conjugation light which has the same wave front as the reference beam at the time 
of record, and spreads the reference beam at the time of hologram playback to an opposite direction is used, 
it is known that body light will also be reproduced by the opposite direction. The hologram record 
regenerative apparatus concerning this invention may be made to reproduce the 1st hologram record 
medium 8 or the 2nd hologram record medium 18 using this phenomenon (phase conjugation). 
[0113] The example of 1 configuration^ the hologram record regenerative apparatus using phase 
conjugation is shown in drawing 14 . The hologram record regenerative apparatus 70 shown in this drawing 
14 carries out outgoing radiation of the high laser beam of coherence with sufficiently narrow wavelength 
width of face from the light source 71. After the laser beam which carried out outgoing radiation from the 
light source 71 penetrates a collimator lens 72 and is changed into parallel light, incidence of it is carried out 
to the 1st beam splitter 73. As for the laser beam which carried out incidence to the 1st beam splitter 73, that 
part penetrates this 1st beam splitter 73, and other parts are reflected by this 1st beam splitter 73. 
[01 14] Incidence of the laser beam which penetrated the 1st beam splitter 73 is carried out to the 2nd beam 
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splitter 74 arranged on the optical path. And as for the laser beam which carried out incidence to the 2nd 
beam splitter 74, that part penetrates this 2nd beam splitter 74, and other parts are reflected by this 2nd beam 
splitter 74. 

[0115] Incidence of the laser beam which penetrated the 2nd beam splitter 74 is carried out to the 3rd beam 
splitter 75 arranged on the optical path. And as for the laser beam which carried out incidence to the 3rd 
beam splitter 75, that part penetrates this 3rd beam splitter 75, and other parts are reflected by this 3rd beam 
splitter 75. 

[01 16] After the travelling direction is controlled by the 1st beam deflector 76, incidence of the laser beam 
which penetrated the 3rd beam splitter 75 is carried out to the space optical modulator 77. And let light 
modulated according to the image which penetrated the space optical modulator 77 and was displayed on 
this space optical modulator 77 be body light. After this body light penetrates the 4th beam splitter 78 and 
the Fourier transform is carried out with a lens 79, incidence of it is carried out to the 1st hologram record 
medium 80 by the incident angle according to the deflection angle by the 1st beam deflector 76. 
[01 1 7] On the other hand, it is reflected by the 1st mirror 81 and 2nd mirror 82, and incidence of the laser 
beam reflected by the 2nd beam splitter 74 is carried out to the 1st hologram record medium 80 by the 
predetermined incident angle. Thereby, body light and a reference beam interfere in the 1 st hologram record 
medium 80, and a hologram ("Paige") is recorded on the 1st hologram record medium 80. 
[0118] This hologram record regenerative apparatus 70 performs the above record process repeatedly using 
the same reference beam, changing the incident angle of body light, and carries out multiplex record of two 
or more "Paige" at the 1st hologram record medium 80. 

[01 19] Here, after being reflected by the 3rd mirror 83 and 4th mirror 84, incidence of the laser beam 
reflected by the 3rd beam splitter 75 is carried out to the 1st hologram record medium 80. Since this laser 
beam is a conjugation light spread to an opposite direction with the same wave front as a reference beam, if 
the conjugation light of this reference beam is read and it uses as a light, package playback of two or more 
"Paige" ("chapter") by whom multiplex record was done will be carried out, and this playback light will 
carry out outgoing radiation of it to the 1st hologram record medium 80 from the side in which the body 
light of the 1 st hologram record medium 80 carried out incidence. 

[0120] After the Fourier transform of this playback light is carried out with a lens 79, it is reflected by the 
4th beam splitter 78 and incidence of it is carried out to the 5th beam splitter 85. And after the Fourier 
transform of the playback light which penetrated the 5th beam splitter 85 is carried out with a lens 86, it 
carries out incidence to the 2nd hologram record medium 87 by the predetermined incident angle as a body 
light. 

[0121] On the other hand, a travelling direction is controlled by the 2nd beam deflector 88, and the laser 
beam reflected by the 1 st beam splitter 73 is an incident angle according to the deflection angle by the 2nd 
beam deflector 88, and carries out incidence to the 2nd hologram record medium 87 as a reference beam. 
Thereby, body light and a reference beam interfere in the 2nd hologram record medium 87, and copy record 
of the "chapter" by which reading appearance was collectively carried out from the 1st hologram record 
medium 80 is carried out at the 2nd hologram record medium 87. 

[0122] This hologram record regenerative apparatus 70 performs the above record process repeatedly, 
changing the incident angle of a reference beam, and carries out copy record of two or more "chapters" by 
which reading appearance was carried out one after another from the 1st hologram record medium 80 with 
multiplex system, such as include-angle multiplex, at the 2nd hologram record medium 87. 
[0123] After the laser beam which carried out incidence to the 2nd hologram record medium 80 as a 
reference beam penetrates the 2nd hologram record medium 80, it is reflected by the 5th mirror 89 arranged 
on the optical path. And incidence of the laser beam reflected by the 5th mirror 89 is again carried out into 
the 2nd hologram record medium 87. This laser beam is a conjugation light spread to an opposite direction 
with the same wave front as a reference beam. Therefore, if this laser beam is read and it uses as a light, the 
hologram by which multiplex record was carried out will be selectively reproduced by the 2nd hologram 
record medium 87, and this playback light will carry out outgoing radiation from the side in which the body 
light of the 2nd hologram record medium 87 carried out incidence. 

[0124] After the Fourier transform of this playback light is carried out with a lens 86, incidence of it is 
carried out to the 5th beam splitter 85. And after the Fourier transform of the playback light reflected by the 
5th beam splitter 85 is again carried oujjjwith a lens 90, incidence of it is carried out to the hologram extract 
means 91 . And only the specific "Paige" component is extracted from the 2nd hologram record medium 87 
by this hologram extract means 91 out of the "chapter" by which reading appearance was carried out. 
[0125] After the Fourier transform of the light of the specific "Paige" component extracted by the hologram 
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extract means 91 is again carried out with a lens 92, it is received by the detector arrays 93, such as CCD. 
Thereby, the data of desired "Paige" can be read in the 2nd hologram record medium 87 out of the "chapter" 
by which reading appearance was carried out. 

[0126] In addition, although the above described the example which records a hologram as a fourier 
hologram, the hologram record regenerative apparatus concerning this invention is not limited to the above 
example, and it may be constituted so that other holograms, such as an image hologram and an Fresnel 
hologram, may be recorded. Moreover, although the above described the example which carries out record 
playback of the transparency mold hologram, the hologram record regenerative apparatus concerning this 
invention is not limited to this example, and it may be constituted so that record playback of the reflective 
mold hologram may be carried out. 

[0127] Moreover, the technique of this invention is applied only to neither an information record 
regenerative apparatus nor an image display device, and can be widely applied to what uses the principle of 
hologram record playback. For example, the technique of this invention is applicable to optical computers, 
such as a correlation calculating machine and associative storage, an optical interconnection, a hologram 
printer, a holography interferometer, a holographic optical element, etc. 
[0128] 

[Effect of the Invention] According to the hologram record regenerative apparatus concerning this invention, 
the hologram by which multiplex record was carried out with the 1st record means at the 1st hologram 
record medium Since it bundles up with the 1st playback means, and is reproduced and multiplex copy 
record of these two or more multiplex record holograms by which package playback was carried out is 
carried out by the 2nd record means at the 2nd hologram record medium The diffraction efficiency per final 
hologram can be multiplex number-of-sheets doubled the 1st hologram record medium at the time of 
carrying out multiplex record. By this, decline in the diffraction efficiency by multiplex record of a 
hologram can be avoided, a S/N ratio can be raised, and the amount of recording information can be 
increased. 

[0129] Moreover, since according to this hologram record regenerative apparatus the hologram by which 
multiplex record was carried out with the 1 st record means at the 1 st hologram record medium bundles up 
with the 1st playback means and is reproduced, there is much amount of information included in per [ which 
is reproduced at once ] hologram, and improvement in an access rate is realized. 

[0130] Moreover, since according to this hologram record regenerative apparatus the hologram by which 
multiplex record was carried out with the 1st record means at the 1st hologram record medium bundles up 
with the 1 st playback means and is reproduced, much spatial information can be displayed at once. 
Therefore, this hologram record regenerative apparatus can be used as a display of a high definition static 
image or a three dimensional image. 

[0131] According to the hologram record playback approach concerning this invention, in the 1st step, 
moreover, the hologram by which multiplex record was carried out to the 1st hologram record medium 
Since it is collectively reproduced in the 2nd step and multiplex copy record of these two or more multiplex 
record holograms by which package playback was carried out is carried out in the 3rd step at the 2nd 
hologram record medium The diffraction efficiency per final hologram can be multiplex number-of-sheets 
doubled the 1st hologram record medium at the time of carrying out multiplex record. By this, decline in the 
diffraction efficiency by multiplex record of a hologram can be avoided, a S/N ratio can be raised, and the 
amount of recording information can be increased. 

[0132] Moreover, since the hologram by which multiplex record was carried out bundles up to the 1st 
hologram record medium and is reproduced in the 2nd step in the 1st step according to this hologram record 
playback approach, there is much amount of information included in per [ which is reproduced at once ] 
hologram, and improvement in an access rate is realized. 

[0133] Moreover, since the hologram by which multiplex record was carried out bundles up to the 1st 
hologram record medium, and is reproduced in the 2nd step in the 1st step according to this hologram record 
playback approach and much spatial information can be displayed at once, a high definition static image and 
a high definition three dimensional image can be displayed. 
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fiES*a^ A*Sfc5#SB7frfcf§i^T5l2 ©ESSjg 

±esi 2 <o®m^m\c <t o ±e» 20*0^7 aes& 

# t £SES2 nfc«grtSW>^gEfl* o ^ A<D b % 

ffim<D&msm*o?^ Afcie^kus^-rssfs 2 <on 
^m£ ttmz. s c -r ^9 aes®* 

SB. 

[»*^ 2 ] ±ESf 2 <ds^#®»c <t k> n±s titc& 

MBS* a ^9 A«r8&£-r 3*8&8W>* n^AO^-S 20 

mm<o* a A*»a-r s * a ^ A»tb¥jft£Mx. 

5 c t«:1tlSi:-r5iS*S 1 C«o*n y^AEBSfe 
SB. 

Wk£* zm&m 2 ^9 AES?f£iSB. 

£-£5 C fclc J: D RiMOAPX? AfcttffifS d fcfcft 
afT5SI«^2fB*<!)*D^AfBSS^SB. 
MMM 5] ±ESg 1 o*a y?AEMKttfc LTS 

p??AEMftftfc LT-fi7£ttES#RjB6&*o^ 
AEBtffi&JB S c £ £ T Z 1 E«© * 
n*9AEB*S£8B. 

um&s 6 ] .tejg 1 <deb?&i** gmwaenB t 

±E£RS7fc£fi§gk AtJ-T JJ«5 S C £ fc 

±sisr 2 ©if^#a«, ±E2£MJte£W8fc:sj*«ft;fc 

IfcftK 1 C«0*a AESH £SB. 50 
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CBWW7 3 ±ESfl2<0if£^afc£!>?f£Sftfc£ 
x. S C fc k f 5 fll&a 6 E«©* a ^9 AEfiW 

en** 8 ] ±es 2 an £¥Sic <fc n£s nfc^ 

BES*a ^9 Afc«jjg-TS8&ft<0*o ^9 A<D -5 *> 
SB. 

[18*3S 9 ] 1 «tO*P ^9 A^ffig-T5«K:%l«:3fe 
C*ny7A*» 1 0*d^7 AffiS^{*fc^«!BS-r 

±E3i i ©7.7" zncis^x±m$B i <o*a AfBS 

±I5M2 ©XT- ^IC*V"»T— jsuTB^snfcaaft 
cD*a^A©H^t«:%lf*)ti:bT, ±Sffi^Ctt©* 
D^Lib'Ife^tn 1 00*0^5 Ak^tlT*5 

±E^3 037.7" -y 7lc&Vvc±eW2 0 « n ^7 Affig 
«(*»C^SES5nfi:«at!t<0^Si2a*D ^ A© 7 

fc*BEB*a y9/»*«flW *WWSCO*n ^7i<0 

7 -6)RB<D*n t7*9 AfcttWT 5^ 5 ©X-r y 

C k%^at-r«ij!#^9EttO*n^AeSB^ 

a. 

x -y y\c^m^ nft^iBwoy? i»ost* 
>^-rs c £\c a D3fS(D*D ^^A^tttti-r s c t % 

[S^Jgl 2] ±Ef 5<DXry7*tt, ±E^4<DX 
x -y 7lc*t>TS4St^^IEi*07'7 AOS 

S-&5Jii:K:«J:»? Brl<o*D^72»«ttHltS ct^ 

[ffi^S 1 3 ] ±EM 1 ©*n^7 AES«*i: LT 
•*»*RT«ft*ny5AE»Bfi*fflv\ ±E^2© 
*oy7AESKf*i: LT-*?gtiEBOTrtt**n y 
5AE»*W*fflV«*C kftWftkf *I»»W9E«0 
*oy^AES?f^tt. 

C^*^ 1 4 ] ±EJg lOXf-; r Kts^T. 
mi&£ C0ffllHB«!ll«0*iBWc»CbT«fc0^ 
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5 C £ XL <fc D ±m&-*-f 9 a U>X<=D^i®lc43^5 X 
#y r-*#l«t£-li\ ±feara*fc£Bffite85*« nfc l aS 

9 * BfS<0*o ^7 A*»tBt5^ 5 O^f y 
Ck^at-rSif^l 4fE*S<D*a^2*i2®S£ 

[fSmoPSBfci&HB] 

[000 1] 

SU Wi*u?5 titer- 
[000 2] 

as*^-r s * n AfBg&tt*-?^;* 5 c £ 

tit), CiO*n^i»fgg^f*fcr-^^:T»Sgtb 

i*t#^i:^Ii;A«ft-eS!*mLJt*AI^*-a-SCi: jo 
Kit), c©*a^AEg&f*fcfeg3nfcT r -*;& 

[0 0 0 3] <i<D*n^AIBgS*fe^St^^Ta, 
0!l*fcf. ?SS£jjv<*rt/ (LCD) HtDSP^Jt^PSi* 

IJwritw (t) =»jo- (1— e'o'*) 

[0010] ztc. ^msMzntz.^u^^M^. 

0STJ»^Tjr..<i (t) tt, (2) 6>*l5o 

[00 1 1 ] 

JJr.id (t) =J)1 • e^a' 1 * • • • (2) 
CCT. a 'im^. (fcbOifft*) B#<0B$5£a, Itt 

ip (ittN!|g|&f*Mt-?&«. 50 



<D 1 BI6»<D-r-^^&tf*P^i».^{4l»S^*tiS 
[0004] £fc, C ®*D ^ L&mW&miClS^ 

[0005] JU±o£ft>& % *ny^^iHSW^iS 

[0 0 0 6] 

[SEW^»8feL.±7fraKa] iC5r, cctB^ 
*Bft*©«TteJ:t)IWIB«ti*. T&*>5, ^fiffi®* 

[0007] JU±<DJ:7»Cx *odf^/»|ES«t«:k:^a 
[0 0 0 8] *oy^A8BSfiJ«:»<:egsns#*ay 

?ik4>Gfltl»QB#T*M(lI.rlt. (t) tt, (1) 

[0 0 0 9] 
• • • (1) 

[0 0 12] «±<03S*>€,x g£JC<fc>K *B^7^E 

WtcffiT-TSCk^^S ( r^* hU77^f-f73f 
SS^J . P. YEHf, ASW#gg) . CtDi:^, 
^TCD^a jr?&Q|sl9raMW$L< & S £ 3 Ic^fifg 

<9 2jmc£ttM-r5<Lt#fc]?>tlT^5 ("System metr 
ic for holographic memory system", Fai H. Mok, Geo 
ffrey W. Burr and Demetri Psaltis. OpticsLetters. 
21. pp.896. 1996#£D „ 

[0 0 13] Wx.t£* 1 0O0tt<D*a? , ?.k€«Ur-> 
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CDsfro^AfcEgLT'cli^cit^Tl O-'SSfc^T 

[0014] a±<D«fe-5t, ESTjaweT-rst. n 

COCtff, *o^AEfi*i«#»cE®£*-i5-r-*«> 

[0 0 1 53 LfctfoT^ ^o^AEgSfcfrjSfc:*? 
Irvrtt, |s]^i$5<D<ST*-efrS?£ttj!}lS.T£SESfc 
fr-?ci:k:<fctK ^-^©Efi^fflfclSH&SC c 

[0016] ®mitom<D{Brf*T-2Zfeim%.x&MMS. 

X^-tL-T. S5k:^£D*n?7A;&8i|<D*ny-7A 
t^SES-TSi^^^ffi^^nTV-'S ( "Multip 
le multiple-exposure hologram" , Kristina M. Johnso 
n, Mark Armstrong. Lambertus Hesse I ink, and Joseph 
W. Goodman. Appl ied Optics. 24, pp. 4467-4472, 1985 

[0 0 17] cco^atco^T, JJtTtSiwrSo $ 
*\ mtScco*P^A5&«jl<D#Ba^*M(/^Tmi<0* 
n^AESHgttfcE^f 5. *LT. c<D|gl©*o 

AES&WcESTS. SlfmftoD*a^A^ 
y^AIBS^tc. S^mft^n^AfcEfiSLfc 

^«rnlil^ti*^-ro fO^S, 8!2«D*ny-7AE^ 
fltftteti* (nxm) feflDsfco^Atf^SESiSnS 

[0018] cc*D^i»!&s4ttiff« mmc (n 

Xm) tfc^^n^^Sfa-g-fcSnTll^tlSO 
1?, (n xm) B<DS&£fita-&fc-£Tll|B^c^jVr5 

[0 0 19] C©f:$flD@fiT«)^ti. 

SCtmS. ^1 <D*a^7AI5S«tt 

fcmt&Dsfco^AfcEg-rftfcf. #*ay^A<DlsI#T 
3!M£«l/m*lCfc5o L^U $g2<Z>*TJy?L&m 
jgft'vO&^Kti. C<9mfc<D*n^Atfltx:<Z>* 
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^A*g£LfcB5, lftO*o^7A^fc»30|HlST«js? 
«*-<Dl/nrt?£!K SI?Wftlftafc»)<D0*R&^ 
»i, l/(raXn')T'i65„-^ CnXnOtSCCD* 

ESUfc#&£D|HlST«)^« 1 / (m'xn 1 ) "CSSo J: 
oT. JK±^^lc«ttJ*ci^A*a^-rScai?. 
@$t$&s$s« mfSfcfco feet tffcfr 5„ 
[0 0 2 0] L»bftA<&. C©#i£«. ±2Ufti? 

tLT^hftfeOTfe!}, mi ^ay^AIBS^ 
4afc * a ^5 A*— i§ LT»£f 3 
mitO^a^AIEg^fc^ny^A^fiBS-r 

n^A^Sta-&*)«nfc«SgT-^k:?f^n, its? 

©ff RTti £ t 3 *o ^9 AEgSfS^^BR * o 
[00 2 2] 

[HBfcJS&fiSfciiXD^g] #?SBK«3*O^A 
^-<0#«Ut*ra^^TSSctSjO*a^A*m 1 <0 

*u??L>wMm#\z&wmm-rz>m 1 ©es^s^ 

30 ccomi <D%3S3t3-mc£ *>m l y^AE&«#K 
Ji<omi^S^ek:«tD-!SbT 

Tv ±E«&tfc4>*n^2»#s*a-&fc>sn 1 o©*d 

3^9 A 4: 2 ftTfc 3^BE®*° ^ A^rS*S#M)t 

^ffl^ts 2 <Diagis«*fcigate£mESi-r 2 <oie 

m^mt. C«Dm2«©fB©^e»c«J:Dm2©*n^A 
[00 2 3] C<E>*O^AfafiSS£gBfc<fcnt;E. S 

1 ©iB^afci »). asttsc<D*ay^A««m 1 <omm 

?»^T1 1 <D*ny^AES*®«*:fBS!5tt3. 
[0 0 2 4] 0 1 <DfBii#Ste<£ ^m 1 o*o^7AE 
g«f*lc^Si5S?n«:SKtt«*a^A;±, Jgl<D 

^#a«^ m 1 OES^Stfgl 1 ©^D^^AESiS 
so #»c£&:8W>*n ^ A^ESb/tl5k:ffli/>fc#^)ti: 
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[0 0 2 5] ^l<DS^e»C<fc»)-gbTS^nfc 

ftTl^S. ^-LT, C<0lfi&ISW>*ay7Ajb< 
Hfe6to£4il ocD*n^A££ftTfcS£fiEg* 
n^?AU\ Sf2<DE@#SlCfcySI2<D*n^A£ 

g&fcicgfiEgsns -rfc^s. St 2© 

ES#&»i> SI 1 J: y-J£LTg££*i;fc 

*988w>*o^a (^iES*n^7W (on^ytz 

m&ftt LTffit\ C<9£MESUfcny-7ASrSI2eD* 

ny^AEs^wcuaES-rs. shades 

[0 0 2 6] S^OES^SlCtyS^O^ay^AE 

A&ttK^SES;* n^^ft<D^siB©*n a 

ti, SI2«?f£#Stc < fcyMiRftk:if£;**i£o -Tfc*> 

a# ft&^s-eft 2 ^7 Atesmtc^siB 

c mS^SfS^o^A^S^-rs,, 
[0 0 2 7] fc*5, *^Wlc^5*a^vAiBSS^ 
gtt, SI 2 ©S^gfcJ: y If nrc£fiSS*n ^ 
^ A^SjsK-T SSSc«cO*a ^ AO -5 ^ 

7A*atat-s*D^AtttB#a^<iAsc: 

Ll\, c©*a^A»m^SfcLTt±. mtfx SI 2 
tOS^afcJ: »3fS££ftf^2i2&*n^A<D|f£ 
7t*SK WfcBH nfcfiiv >t{|ud 7- y illt- 7-<;W 
y v^tsc tfct »3maco*D^A«:am-rsfe<35 
■*\ si 2 (om^mc «fc y y^ 

[0 0 2 8] Sfc, *%W(c^5*n^AfESfl^ 
gti, Sn<Q*n^AfBil«{*i:LT. 7* 
h y 77!>f^ ^es^<0#€^XRlt6**o y^AE 
«m*«t\ SI2<o*a^AEgH«f*£LT, 09* 

[0 0 2 9] *^»c««*ny7AISSff^S 

m±, sn<oES^a*>% ^jt^sggfcdo^^ 

fcX&f £ A«S «X A 5 C t tc <fc y -< * a u 

iifc^Sttfc 1 H&£8&<D®{|Hc#9JLT&5&fe© 
*a^Ai:LTSIl<OffiS^»c^SIB^L. SI2<D 
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[0 0 3 0] C<D^ Sf2©?f£#Sfc < fcy#f£;**l 

fc^®ES*o^At±, mtf> ^^atcty if 

^®ES*n^A^«|«-rslSatt<D*n^A 

[003 1] $fc, *f£9ik:«5*a^AEfiS?i£73 
Sett, ±EaS*fi8*fSfc«>»c, lfccD*u^AJ& 

J0 M3t%«l/->T^StScO*n^A%Smo*a^AE 
SHSmc^SEg-TSSI 1 o>Z.7-y-7t, SflOX-r-y 
ytis^TSI l ©*o^^AES{ii*»c^SSg?nrc 
4HRft<D* D 9=7 A£-£S LTSS-T-SSf 2 <DX-r- y 7 

D^Atfifa^jn i oo*n^7i»tsnt4s 

£SE0&* a Afcgfc S#«87fr&JS^TSI 2 <DE0* 
&mc$aft£«EfrrsSl30}X-r-y:? , i: > Sg3<DX 
^ 7k:*5l,>TSf 2 ©afcn AESStttfc^fiESS 

20 nfcffiaft<o^sEa5*a^A©^^ms<o^SE@s 

[0 0 3 2] c©*a^AE^S^^cj;ti{f. SI 

1 ©X^^yt^v^T, &£frBW)*ay^AtfS! 1 ©E 

©«mc£SE&sns. c©i:s, s*D^7i>a, 

[0 0 3 3] SI 1 <9X-rv:/lC*5V>T3ll 0*0^5 A 
ES^tc^fiEg^ti^aSftco^D^Ati, SI 2 

30 ©x^ yyicfe^T-gbTS^^na. -r**>^. si 

2©Xfy7t'(i, Sll ©Xxvytfel.-'TSIl <D*a 

t^c#Rajti:i^cAifftT*si i (Dfrap^^mmmmc 

m&&V¥t*Am?Z>C£\c&?>, SHO*o^AE 
A tt»(c 0fiES £ nfcSSfttO * n y ^ A*-S UT 

[0 0 3 4] SI2<0X7 i ^yt^V>T-SLTS^n 
fcSStttO^ny^Ati, =&*a^A^Sfe-&*5*tx 

40 *'Sfe-&t>?nio<D3ha^Ai:*tiT*S^SEA 
^ny^Ati, SI3 0Xx^r»ci3VTSI2<D*oy7 

AES^fcsfiEg^n-scttc^s. -r**>^. si 

30Xry^m Sll co|f£#gk:«J:y-gLT?i£ 
Snfe^Stft«0*py^A »lE**Dy5i) 
*3fe*«K*3ttfc LTJBV\ tKO^SES^o^A^rSI 

2 0*o^7AE^f*»c??fiEg-r«. ^LT, SI 3 
cDXx-vT'Tti, S*5#^7t«:fflV^^SESJ*;Dy 
^ A^rSI 2 OESS^tcSStt^SESl-r 5. 

[0 0 3 5] SI3<0X-r-^yk:fel,--Tm2O*U^A 
50 EA^t^SEg^tifcSatSto^SES^ny^A 
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*o ?7l*&ft&&WKm 2 ©*a ^7 AESiKttfc:^ 

s. 

[0 0 3 6] fcfc. #5^k:«S*n^7AegiS3l73 
v\, c©M5<E>X-r-yX-?«. GIJAfcf. S4©^f-^ 

W*ggp*ffl^T®©7- y n±T7 w y y^t 

[0 0 3 7] *m*\C%Z*u<7 : 7L&mW£J5 

M2 0*0^7 AfE@«#i:L.T, ea* 
tf, 7* h#yv-^©-&;£tfiega^t6fc*n^7 

[0 0 3 83 Sfc. *^k:^53ha^AfESiS±73 
ffiti, US 1 <DXr 'V Xfc:;fci/ V T\ ^HT^flggi: COS 

ffi?J£ttTfc5v^*nU>X7'Wfc£8!<^> ^Kft 
S ^SIBS* a 9 7 l±*n*E.T 5 «fc 3 fc: LT fe J: <,\, 

[0 0 3 9] C<DH-a\ ^4©X7 i -yy»CfcV>TS^ 

o^7i»^ata5n5. 

[004 0] 

[004 1] #^£igffiL;rc*a^7AfEgSlf£gB 
©If £gfi 1 +#»E < n k- U^XOiS^ 

^ttiW^nsi^— tf7feo?tK±k:a. ecu— ifTfc&^P 
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te-rsfc«>©m i ©k-Axxy » * 4 ttNBBt&tix 
vs. mi otr-A^yy -y^4»±, wai*. ay^- 

* U>X3 fct tJ¥frJtk:^Stifel^— 9 f )fc<D— gf5* 
*990i»ft>iatfscfcfc.k»>, c<n\s-*fK<»m&* 

#mt So 

[00 4 2] gl©e-AX7'J y*4»C<J:»?5t*£ 
U— 9%©0N/0 F F©«J»)gl*.*fT 5811 

jo *5£, <r©u— ifTtojiff^iRi^Jp-rsmioii- 

Ax7^^6i:*^BaSih.TI.''5. SHOtT-Ax? 

con <ok-2»-r:7i^*6i±, >fjfr&— # 

7t;73 (6]tc{M|Sl-r 5 <fc IC LT & <fc V U ~^k;73(rI^<1 
[0 0 4 3] il0>mi<D\Z—I* J r7l'9Z6\c£Qmn 
7 fclgl 05ha^7AES^«:8 fc^ffi^tlTl/-'5 <> 

©HKii^ mi oe-A^u^^eomi*®*^^ 
^Sif§7k:^-r5fci*)OV-i/X9, i owssnt 
t->5. H 1 fc^-TMtcfefTti, miOVf— Af 

^f^T« t 1 0 <D^iKf8l^»C 

FfcU S 1 O e-Ar7 * 7 * ©Ml 
±fcESU ^K3tS!Pi§7^UvXl 0<0M^C®±fC 
30 fHISU UvX9fclx>Xl 0<DKPS^2 Fi:*5<t3 

[00 4 4] CCT% 7 ^7 Vi/'i'N/l'L^^Wlil 

»«^m 1 O e-JUx? ^ 7 1?omS*7t«OffiW 

[0 0 4 5] ^K^SS7ti. WAtfSiaSOMSS 
^0 (LCD) ^<fc»)fc!>, ffl®^fc^5Ufcffi®«r 

^gpfc^-TS. *bT. ^S)^iSig7t±, II© 
k-2»-r 7 ^ 6 *> P> m%iZ txtc U-4fyt* C (OWn 

[0 0 4 6] co*n^7AIBgBi«Bl tcfev^T 

JU±0«t3t. Ml©e-AXXy •y^4fc«t'?E 
S*3n. mi©k-A-r7^^6U:j:0<SlRl2nfcm 

jo loo 471 &mimm§n trnKofror^Lgdmrn 
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©U>Xl 1 *WI2SnTt>S. =Q:*5. Hllc^tWIi: 
fe^Tti. H/Xl l<D«U£ffil$%f tU 2*R8#glS 
87 fcMl <D*O^Affifi«g#8 i^nftlUVX 

[004 8] mi<oe-A7^^*6lCit)lllRl?n 
fc&fc£M?^SS87k:<J:9gg8£ftfc&##«, l/> 

- U xSifffiJfcEIS^nfc^ 1 <0*n 9=i AEgj|# 8 

[0 0 4 9] — 75T, SgKOtr-AxXU >y*4«rSjSL 

JtgS^9 0gSft)ffllf5*f»3jgb^^-l 2 CO 
*t*>jSL5^-1 2Ki!)E«Sn, 

nfc u-if ftcosmzim? s fcaosg 2 <o e- ax x 

'J * 1 3 fctfESSftTfS. $2 ©t-AXXU >y 
*l 3t±, W*tf, Sf»?)gb57-l 2fc<fc!?Efth*ft 

[0 0 5 0] ^2©lf-AXX.>y* 1 3fC«fc9E*t£ 
tl, yffi&tft>MfZ>tltcls-*fyt<Oftg&±\Cl^ CCD 
U— »f?fc<D0N/0 F F<DW*)&x.%:fiom2 <T>*s\ -y 

21 4^BBa$nri-'5. *7t % st2<o»f-AxX'; ? 

* 1 SfcjSilLfcU-^cDttB&ifctt, COW' tfft 
©ON/ O F ¥ cDy}9Wkz.tt?7 0sg3<Di/ J r 5& 

[00 5 1] f LT, C©*oX7Af2g?i£SBl tc 
*5^T«. !2©->fy^l 4^g3&$nfci:$k:, Jg 
2<Dfcr-AXXy->'*l 3lCiDSIt?n. ftBStfSfD 

[0 0 5 2] LftA'oT, C©*aX7 AIHgilf££l@ 
1 «> SI "J Z SRUm 2 OS't? * 1 4 fcgSiSft 

U S30->t'^l 5%EflUfcttSlT?tJl2^e»U- 

if^taw-rsc^ict??. ^ra^^S7t«to^i)i 
i o*o^Ae^«««:8 »cAftrr5«&{*ft 

3F-e\ 3H^18§g7lc^;**i;rc®®£*n^Ai: 
UTS 1 ©*a ^AfES&f* 8 fcga-rsc 

So 

[0 0 5 3] *SgfEfc«S*ny?Af28?l£&Si 1 
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sniRjft s c i: fc * *)&myt&m& i z&m lt-c 

yi)&9t<om 1 0*n^7 AfSS&ttS'vtQASfSfcgil 
1^— ©#fi^%fflV^T^»?3gLffl.\ Ml©* 
a ?7 AES&tt 8 fc&8rt5W>*n ^ Afc^SfBg-r 

[0 0 5 4 ] *o y^AfEg*B£&S 1 1±, Ml 
^7AfBS«f*8t^SIBS?*ifc=& r^-i?j #|f£ 
Bffc^T^ L^!Hl*T?!&2fs£8o«}: -5 ic, ^ l ©Xf X 

10 5. 

[0 0 5 5] fcfc, Ui^©{Sfi©rc4&lc. VCFOffimu: 

ftifto^o^Afcr^-^jtnftf. ctiS«§ K 
*^-©#M3t«rfflV^T^l©*a^Af2Sjg 
f*fc:£gf2SSft5C£fc:«fc Denotes© r^-^j 
tfSfe-&*> £ftT * 5 $££8* d y ^ A* r*- -r X* 

[0 0 5 6] mi ©XxvXMs^TSIl ODsfca^A 

*^T, *a^AfBSH^(SHnix & r^-s?j * 

T^l<D^P^AIB8^f*8tcAI*?^Si:, H<0 
* a ^ AfSS«» 8 \cW,m Ztifcl1-*7'*-]CQ±T 

©SSaSjE^ 2 tDX-r -y X 1 1-- 5 o 
[0 0 5 7] ®2©X-r-yXfc^^Tfl^nfcS^ 

>Xl 6. 1 COUVXl 6, 1 7«rSi§LfcS 

30 £3ta<W*Jtei: UT A«-T SI 2 AfBg^fr 
1 8#E&£ftT^5. *^3, 0 1 fC^-redfC^VT 
t±, UVXl 6, 1 7<5D^EfS^»Cf ^1<0 

*D^Afsa&&8#i'vxi 6©M^s±tcttp 

®±JcfiSSU l^^Xl 6tl^VXl 7t©ra^2 f 
i:*S«t7tLTt-«S. cilT\ m2flD*ay-7AIBa 

[0 0 5 8]S2OXfyXlC^T, ^l®*ny 7 
AfBg^f*8*^||^tl/c:^T©r^-v/-j. t1Zt>% 

40 r^^x^-j*u>xi 6T7— ux^ja-rnt^ u> 

[0 0 5 9] *%WfC^S^DX7Affi8S^S 1 
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^SiSfcbTVSo 

[0060]-^ ±^LfcSg2<De-Axyy y* 1 
ni;fo*®®-rz>mz<D\£-i±77\s<?? 1 9#ess 

tlTVS. <KD&2<Dtf-Ax:7U** 1 9ti. 3114) 
fcT-A-r:?^* 4 tra^Jc, AltbfcU-+f^m^ 
omfaft T*m& bT3illXt±ES*£-<*5 C t <fc 0 C O 

#U£Sn5o fib. COS^^tr-AT^U** 1 9 

«&<D*n AtfUPSKif *VC b * 3 £ T'S a 
(r^*hU77^-r-f^SS^Jv P. Yeh, 
SO o fib, :7^*^£«fcfT-5«-£ttC©l&t)T'l± 

fgb&w-nfcffct.fc^. 

[006 1] #?SiBfc&S*n^Ai2gS3^fi 1 1 
fc^Ttis 3!2<S>e-AX7y «y*l 3 £5351 U ^2 
ODtT-A-r^W* 1 9\C&*)&ffJjfatf®mi£tl1tl' 

— tffttfs #BaftfcbT, izoif-AT^l/i'i'i 9 
k: «fc SdiPift lc*S b /tA^S ^2©*d^7 AES j& 

[0 0 6 2] bfctf^T, <:<0*Dy7AeS»4SI 
Itt, 31 1<DS/*>j>* 5 £B!bT^2Rtfar3 y 

^i 4. i 5*BHiKu ^ap2^c,b— ^^m»-rs 

C*tc«fc5>, m<9*n^AfEg«l<*8K^fiiBg2 

c <o*f£ft**&<*>tfc brm^^ A&n xm 2 <o*n 

^AiBgjgtti 8lcA*h*-£Si:#k:, »2©tr-AX 
7'J7*13 *33iii bfc U- *f ftfcjg 2 © e-Af7 U 
1 9tC<fc£HIlR]U C<mfaPi\cfcKtc*MtftX'm 
2W*u^vAf2g«Kf*l 8£#S£tt£bTA»Si*\ 
cn£©ft*Sg2©*n^-7Af5S«g&l 8 4>T?=F^ 

t>$nr«:5^aiesj*Dy^A* 1 ft<o*n^Afc 

bTMl2^*u^ASatiiK(*i sjcfBg-rsct*^ 
S5. 

[0 0 6 3] *^WtC«5*O^AfSSS^B 1 



(8) #12 0 0 0-2 4 2 1 56 
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m 1 8W>*u^-7 At bT^2 ©*o^AfBgj&# 1 
8»cfBgbfc£K Sfix ^KOX-r^ricBS^T. mi 
©*o^t7AfEg«tt8Kgffcfc l>*-$?j ££Sf2© 
U mi <D*ny7AiEgSS#8fcgifc* r^:/* 
—J fcS&S-TS. C<Dfc$, gil<0*n^AiEg{gf* 
8-vgffcftr^^^-j^|BS-rs|l}H:, ffn<D*u^ 

7 L.w&m# s ten* n**^ r^^^ — j <d±x<d 

dicbTfei^. 

70 [0 0 6 4] &1 <D*D^Af3ggg#8'\$T*:*r^ 
-*:7*-jtfiEgSnfce>. Mf2<QX-f c 

-J ©B^fcl&ttJti: bT 2 <D*o df9 AfBSS 
&#1 8-vAW^-a-So g2©e-Af7U 
1 9lc.fc3®faftfcg*5Cfcfc:2:9#B3}t<D3t2 
©sfcay^AfEfiS&tti 8^<DAI#l£a!o r^*:/* 
-J IEgi$fcttgfc£-i2\ Srfcfc r^^y^-j %Mi 
<0*o^5Af3g&{*l SfcfESrrSo CW^Sc^^SI 
SjgbT. ^2©fBS«*l 8fc, ^SO r^+^ . 

[0 0 6 5] *D^A^SS^S 1 l±, I2©*D 

^Aiegj«»i 8fc^as®«n^=& r^-v^-j 
*<B^k:^T§b^EIST«i^%JtoJ:^lc, S3©^ 

[0066] =&fe. S4B^<©iEt<DfcJ6k:> &CF<o®.Wlc 

J&Sr^-^^-j*. m2«*ay7AIBg<«ft:l 8tc 
30 rf+y^i- j^fcS^S^^ffivx^mBSbrc^ 

[ 0 0 6 7 ] ^ 3 ©X-r V y\Z^rm 2ffl*D^7l 

f5S«f*i 8k:aa<D r^-vy^-j *^SffiS*txT 

*5 r>r.y^j ©5-%, mm<0 

5fcti. ^lfl9>'^-y^5Ri;m2<D^^-y^ 1 4«EH 
b, ^3©i"Vy^l 5*BiScbfc«MT7tj®2*^U 
-1fJtt*ffl»«*s ^2©e-A7 ? 7^^1 91C«J:5 

mcm^rc&myttmvye*. m^mv^ethxm 2© 

40 *u$^AfHS«#l 8k:AI4^-*ntf *^«, c 

<ow£j&m*m 4 oxf >y y t . 

[0 0 6 8] ^4<0X7 % -yyk:i3^TS^n«:fl^ 

vX2 0 , 21 ffwgtznx^z* m 1 »c^-rwcfev> 

UVX2 0, 2 1 ©^ffifS5r«»C f t U ^2 
(0^ny-7Af5S«ft:l 8*^^X2 0<O^S±Jcfli 
BU UVX2 0 t UVX2 1 i:<0HPS^2 f 
•jlcbTVS. 

[0 0 6 9] m4<D7L.TV~7\cts^X. mzOfr'a?*? 

50 AfBS^ft:i sfr^&Wfcif^ftfcr^:/*-]* 
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CO 0 7 0] filT, *^fc^5*ay7AfefiJS^ 
£-T5. CC?, 1 ©^ffiTfeSS^S 

[0 0 7 1 3 *^tc^S*ay^A!BSS±«Bl 

[0 0 7 23 ms<0^y-'yf\C^xm^^u^K 

>X2 3 -vnmy-v x.^mt s ctT, r^-^j 

3. 

[0 0 7 3] *-LT, C©U>X2 3<0^fflS^®»C> 

^AiSffi¥©2 2»ctt»tttB?nfc r^-s7j <d^- 

[007 43 CCT% ^PSS*'Rl»l*7'^-^-vfcLT 
»±, 0«*.{f, @ 2 K^t J: 7 W 3 

-f3 0«, 7w;l/^®»c?$S-b;l/3 1 <07U"T^&*5 
->■¥• 7^-07 Ul'*^agai5nT*S fc<OT$5. 

fcn—r-f V^Lfc 2fe<9SWg«T-#A/C'*3 fc<DT* 



(9) #182 0 0 0-2 4 2 1 5 6 
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ffiS->ty*-7U-f3 0B, cft&#?£S-fe;V3 1 k: 

KWKS*?T€ 5 mm £ * * JSo <k 5 k:fc $ tiT ^ 

[0 0 7 53 CiDlS->+7i!-7W3 0i&ffl^T< 
mS©r^-S/jfc^LfceC^?fiS-b;l/3 1 ©2lia^ 
iO £D#*i£«> x ftfi©SP^flD?SS-b;l/ 3 1 fiDJSJ@!?^<g < "T 
fttf. 03k:jjVf.k-5k:, r*-rX*-j^ft:<DlH!ST/<* 

fcS&#<D& l H:;l'3 1 <OMnm*ftLTm&Z ■$%>£.# 
kifl6or^-v7joiHiJf)t%igBfLT, maor^-i^jo 

-7W 3 0«r^jffi-T5S?B[S-lr;l/3 1 (OWi^Wmitm. 

20 7W42C?^*a?->v§§I^5cttf-pS5 e 
[0 0 7 63 II8P8&&*Wt&fc7VS-**i;L.T 
It. l&Ltz.mihi'Vv*— 7W3 0©«fc-5Jcm»6*I 
»cBBpaj%i^Ki?-«i-5>6><0©flStc x 0HAl£* tK«Wk:F^ 
P9S£rgfS£-e3 ^+ -y *&e*JB^S J: •? k: LT «>«fc 

[0 0 7 73 ^5CDX7 L y^ , fc43V>TfflV^5*a 

y^Atttfi^g 22t lt»± v M^.tf , 0 4 * -5 
mjzztiTcffin&ziii-rzT'/*— f-t a o t tfiw* 

yX2ot^T, coB^^wmc^gs-rsuv 

X4 2^rEta-r5. ^LT, 1/^X4 2 lc«fc tJ¥S)fclc 
^5n/cS^iO)tK±U:if-All^©4 l^ES: 

snrcu^X2 i w^M-er^-v^-jjcjpi-r-s^T 

-Vtfiisns U>X2 1 cD^iSk:, 7 4 
40 o*TO:5ti5c 

[0 0 7 83 7/<— f-v 4 ota, 1**7?— \±fc<D 
IfZtlT^Zo f LT, C©7/^-ft4 0tt, 

ttdi¥©2 2»±, t-i»iiiRi?g4 i tcttJMifiisnfc 
\=f- -v X^ - j ±W<z>mgi > ^ — ^(D*pfre>ffim<o r^— 

i J J<D^»?£^*7'/^-^^ 4 0©ggpgi5 4 3%/TLT 
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[0 0 7 9] fc*5, *n^A«ffi^a2 2tt. 1"*+ 

[0 0 8 0] *^fcfS£*u^AfBgB£&B 1 <0 

%H5fclfc*:LT^-ro *^ 05* (a) ~ (g) <D 
#®k:^3^5l^— »f)t©^fi»^a6 (a) ~06 
(g) kUgsSWte^o 

[008 1] C<D*D^AfBfiig£gfi 1 fc*3V"»T N 

^ra^ns7J&SjS-rsi^— rmt. 05* (a) ® 

f06 (a) <9 < fc-5fc^*->fc*5. *fcx Sl<0* 
o^A|2g«{*81cAt*Lfc&{tofctt. 05* (b) 
®T06 (b) ©.fc'Sfc/^-Vfc&S. Ul/X 

1 6fc38iiiL*if£ft CfcrtftfD 05* (c) m-Q 
06 (c) ©iSfc^*— >i:*5 0 ^2<D*n 
^AfBS&fcl 8£AI*Lfc1$Sfltffcti\ H5* (d) 
®-?06 (d) 0D<fc5fc^£— Vi:45. UVX 

2 0*jgjSLfci?3=ftlix 05* (e) ET06 (e) 
<D<fc-5*^^-Vi:*S«, £fc, UVX2 lSrSU&Lfc 
IS£ft«. 05* (f) BT06 (f) <0<k-5:fc:^*- 

05* (g) ST?06 (g) <OHr>iHJ^-^ 

[008 2] czl-v, r**-7Z-s **gfi£-rs=&r^ 

mv&ztztb, =t(D7-vxffi-e&z (b) ® % cd) 
(f) m-vit. &.mmcM&znrcMm'<i*-z'& 

r^-^^-j ©?S£®®-z?;&s (c) ffiat/sg2©* 

^ffi-pss (f) ®t?i±, r^+^^-j»c®-rs^T 

<D r^- ff tl5 fcfe, $TOK-i/j?:nt- 

© <os^<3D**^3fS<or^-^j<o* 

-^J ©/£#©*tf7^7^*-7W2 4KA£J-rS© 
T% (g) ®-?l±<L©;i3?5nfc 1 ft© T^— v?j 

[0 0 8 3] Lfctf^T, #?gI!H£&3*n^Ai5g 
tT-TSB^ ^nftlm l>?- y j 6 £ 5 n 

rft^-j^ir^'^jits^ lr^-^jti (n 



(10) ftffl2 0 0 0-2 42 1 56 

x m ) r^-s;j3b»6«a«ns. cot?« ir^-s?j 

^fc»J<0lalJf«I^±. 1/ (n l Xm) -?fc5. am© 

fc^©®STj»^lix 1/ (n'Xm') -e^SJ^^x *H 
^fc^S^ay^ixIBSS^SS 1 fc i 0*0^7 A* 

1/a-f-f ~yVX*r ;1/"*?£SES*L;fcl§£-©in{g 

[0 0 8 4] JH*tt»Cl±. MAfcf. lOOOft©*^ 
10 7^It01/3-f yy^^r^a-W^ISSl 
fci§^ ltfc©*oy^A©|5]jTa&$St±l O-'t&S© 
fc»LT> #fSWlc&;5*D^AfE©#S£gfil fc<fc 
►k loor^j, i orft^-jtLtiooo 
fe©*a^2vSrlEgS£L;rci§^ lft©*n$^A 
©IHSfSb^ttl o-«fcfc£o IfttfoT, *5^K:«S 
AfE@S£«B 1 SBlrVCJU-hQ £ 5 1 0 0 
0&©*a^A*iE^«£-r3Ci:K<fc»?. lfte* 

-;l/^SI2SLfc^flDi oofgfcfsc 

[00 8 5] W *n 1/VX7 W*»i*fD & 

©UiMt^T, ±^bfc*ny^AfBiiff^Bi i: 

[0086]*u ^AiBSB£gB IcV^f * a \y>X 
7 W ^S^I3f§ 7 K Alt-T A 

*5tt5X#-y h«r»fSS-*, SK)^ISS7 ta^Jn 

[0 0 8 7] ca^moiiolc-^^^uu-yXTV^^m 

^tcm^it. ±aufc*a^vAfBgn^B i <omm 

S^-lcii, *a^7Attffi#©2 2»cJ:S7^;V^y 
40 [0 0 8 8] V-r^Pl^vX> T W*fflV>fc*t3^A 

ESS^B©-^^j*0 7t^-ro ccftt« mi 
**0^bTSiwrSo 

[00 8 9] C©07t^-r*O^7AfSS?f^B5 
'J^-^-^vX3t<tt)¥f7)fefc^*nfc^ ^1 
LT> CO07»C^-rff!l»cfe^T«, ^l©»f-AXy 
JO 1 2»C«fctJEI*?nTx #SS5ti:LT^l ©*D{f?A 
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S-TSCi:t<fc5, Sg2<D*n^7AESiS$l{*lCAa*£ 

CO 0 9 0] m\0)\Z— L>X-7Vy? 4*j&&LrcU— 
*fmt. rt)WiS 5 1 ©If — Lrr~7 U<>*6 

fc <fc 9 msofflftfc TiiiRis fu Jiff ^iRj*^j®i5n 

[009 1] ce*ti ??AGSjf£KB 5 o tcfci^T 
tix 2W*££iii§ 7 <0tbl*{Blfc W * a uvX7 W 5 

P?nfc^{*)tl±. ^7t^i§7«D#®^ti:S=S:S 

£ 9 7- U xg&U LTM 1 ^7AE 

1 <D*a ^7 AE^iSi* 8 lc X&t?Z&mft£ Sg 1 

£ LTJg 1 <D*0^7AEB8W* 8 fcfBSf 3 C t #T? 

[0092] *D^5 AESS£8B 5 0 tt. J^±CDf2 
SilB«, & 1<D\£- 1*7*7 6 ICX. 

* S C i 1c «fc t? £H8^1S& 7 1c 7JW 5 1 — IfJfoDA 

lr\ BlO*D?7i4Eft£*8lc£ft r-s— s?j 

SES-rs. 

[0 0 9 3] CO?>f»nU>X7W 5 1 Zm^tcfr 
ni?7AES?i£gB5 01±. ±3Ufc*ci4?7AES 

to -5, c©*n^7AfB8S£!6B5 0k:<fct)m©:fc 
n **-7 AESi&tt 8 fcESSftfcsfco 9=7 A<DH 

Btf7-yx^suT#&nfcff^»«, 

r^-^j€reg-rsiSteSHJtSI|g7k:AjitS-e-SU 
— *ft^ABMHI*-Hbte< ttitl 0871M01O 
lev*-* a ic. If £ff9?li#B&&#M-r« c fcffi? 
C«SS8!llcCCD§<Df^fJ'?-7Wi&E 

[0 0 9 4] fit, CC7^DUyX7W5 1*ffi 
l#->;fc*n?7AEB#5£gB5 0te«fct>Bl 00*0^7 
AESJKf* 8 »cESsnfc*D ?7 A©ff£}fc;&|f 7 



01) #612000-2 4 2 1 56 

20 

o?7AEBi?£«Bl iHBtc, mi 0*n^7i»ffi 
SJ&fc81cEfit£ft;fc r^y^-j CD®%-SLT^ 

^-K>>x7eu<t±v7h^xy'Tmam^5a 
[0095] a»k: x «»a?»cma©s^«^6 

70 ft*<fc51c. E^k:E8-rS7 ? -^*iaaLT43<<}: 

5 aesii^b 5 o zmm&mw t it js^s c t 

#T€5. tf¥7-3 6 0 4 0 fc:TBH^;£ft3&3jM8 

BHSlcft&l&flttitBdtstis £ v> 3 Mite o fc. L 
frLfctfe,, C<D*ny7AES3£8B5 0l4. 

cti^ts©^ ffiw^sig7*!Sias6f^«^*c 

BHB7 0BBft«r^— s;jftBtcT««/t», fUffi^ 

[0 0 9 6]^tc N C^^nU>X7W5 1%ffl 
t,->fc*a AESS*^B 5 o IcJ: +>m l ©*d^7 
AEB^StESSjfifc^ny^A*, r^-^jisn: 

0*0^9 AEBHSaiB 5 0 OSM^SHS 7?b^x 
JO -fti'^WZ 4*t?<Dg|5»«r@l 2lC0^-rs. 

AE^S^SB 1 1c43^Tra^£nT<,->;fcU:<';X2 l ic 

ny7Attttfg2 2i:tT, ftmstm&7 << )\>* 5 3 . 

[0 0 9 7] ±iSLfcJ:'51c. CO^o^vAEBIf* 
SB5 0lC43V>Tt±. 3£K^ISfg7«riSSL, 

□ u>X7 w 5 net Dsraj^BB 7 C5=&as«ic 

sa^^ffl^TWioESigs^B *>sbff *>nsc t»c 
A K> . m i c*d^7 AEB&tt 8 icttffto r^-s; j 
tf£«ES*ftS. 

[0 0 9 8] C<omiO*Dy7AEB«Jf*8fc^ E8 

SCi:lcJ;«?, ^lO*a^7AESffl|«:81=^fiEB 
$nfc^T<Dr^-^j, fftfe-fer^+r*— j<DB««— 

50 ZfU>Xl 7%m&Vtzmc. %(*)ti:LT^2<0*D 
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coo9 9] £<Dqmyet®mytt*:m2<o*a?7K 

^AlBSH&ttl 8tc r*-*7*-j ^S^fBS^nSo 

2<D*u^7AfB@ii£ttl 8^II^Ii<D?l^K: 
CO l 0 03 ^2©*a^AiEfi8«{*fr5i?Tg<0 

k: J; 0 7 - U xg&-Tttff . c <JD UvX 2 o ©Affile 

[0 10 1] *n^7AS^l50tl, C©l/yX2 
0 cD^SStS^M^^^B < T-f * a U 

U-yXT W5 2«^ # UVXi ^ h WffiKJ^SI 
fctfoT. £K7fc£iiS§7fcgfc3A«ftSf?AStL;fc 

[0 10 2] *a?vAieS?i£gB5 Ott, £<D&& 

<t±SiS7W , ;l'^ (ftfifit#tt7^^5 3) tfBBSS 
ftT</>3. ^LT. *ay^i»ESif|^B5 0l±, # 
*n^A©S£tt*c<oa*flc#tt:7^;l/* 5 3t«t 

[0 10 3] C<0^Sfia?fe7-<^5 3k: < fci3affiS 

o-oo r^->;j (D&ftt>\ \si/X2 3?tm&-fZ>z- 

W2 4fcJ:»K ft«fe#tt7^;V^5 3»Ci:t>«ltH2r 
[0 10 4] *n^AS5Slf£8B5 o«. «±£>i? 

[0105] c ct\ nan&mf&y <t fr? s 3tv 



(12) #H2 0 00-2421 56 
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itTteM? 5 c i: prtBT-i&S. 
[0 10 6] (^tDflS<D^g0!D fc*5* ±3$Lri*oy 

9 ass^sehs i ^*P^i»eMiffi»B 5 0 £*> 

/o ^Ti±s Sti©*py^AfEg&#8fcfg2<9*oy7 
AEfiHStttl 8 C 2O0*D^7i»Eg^fflV>3 J: 
•5 \c LT^fcfcV *D^7 AiaSS ££fi 

*ni^AS&|?£SBli* 5n<D*a^Af2g«lf* 
8£«&{IM?iJk:SBLfci§^k:«, fESjtfi'Dfoi* 
05 C fc*><T£ 5. Sfc *a^AfESS^Bt±. 

20 [0 10 7] ±3SLfe*ay^Af2fiJH^Bl 
*>*p^ Af3@*lf£gB 5 0 fcfci^Ttt. fg l <D*o 
y^AfegJj&#8'v©*a^AffifiSl$k:. #S&fcfcL 

a^7AIBS5ff^Bt±, «±«Dff!IfcRlS*t\St>©t» 

3 *8tj£ i: -T S c £ T'MftmicftfeV'<-*t£lf*m 2 
[0 10 8] *fc, ^1 <D*a^AfBSS^{*8i:^2 

o^o^^Aia^Ji*! 8tiin-<o«»-efeSi^tt* 

$5. 0tR«x ^10D*n^AIES«i*8«L<«m 
2tD*a^Af2&!&#l 8 i: UT, P r : L iNbO 
3. P r : L i T a O 3 m<D~ gtgf2S^RTft6*««^ 

fc&RlBre&S (USP 5665493 Bai et al. Y.S. Bai an 
d R. Kachru. Phys. Rev. Lett. 78. 2944. 1997#M) o S 

a^A«:fEM5t?€So Ufcjb^T. 8io*njf7A 

#fa&ssw?s < eutt^v w*tf 7 * h y 7 9 f =r 

4 7&£kmcotin*m\<\ m 2 <o*o ^7 aiss^ 1 
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[0 10 9]^»c, sfco^AfES&fl^LT^a-htf 
U V5«^tt, B 1 3 kl^ti. -5 fc. *n^7 
AiBg«K#<DJg#fc-r * x ? JBtftcT 5 c £ WSbTS 
5. Jtr-rX* 4: ^«<0RS«|jtk:*n^Ai2S^«: 
fciJDXU <m%H«teS-li-5Cfe N *n^Af3g«i 
tt<Dg45ttB»cgiJ<D*D y-7A%§&iyC t tfT^S 

X* ©EHkIc <fc -o T c tv&ttffl-rs <1 1 5. 

c cox $ *jg«<o^D ^ 2>mmm#\cttLT&w!Em 

[0 1 1 0] 01 3fcjS-r*u^Ai5fiS3£i!B6 0 

7 * h U 75*tV TUSA J: t> 1 CD*U ^ AS 
»{g#8 Kftfi^fiT-Jfcn ^ A^SfHS-T -5 <fc -5 
LTl^So C<D*ny5AfB0iiS£gB6Ol;i\ 

#1 8fc->7h#ST'*ay^A^«SgS-rsJ:-5lc 

[0 111] £fc, ±^L;fc*O^Ai2g|f£gBl 
Jf.jhny5AIHSIf^««5 0k:^>T«, ^2®*d 

^«r. C^Sg2<D*a?7AiHgjg#l 8^c0*n^ 
Af2g»c8?V>.5C£#T£S„ Sfc, cn^o^<ofr 

?7 AfE@i&# 8 ^<D*o ^ AfHS^k: m>-5i&g 
[0 1 1 2] $fc, *o^AS^O#Sajfc«r, Gflt 
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